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PREFACE 


THE  defign  of  the  following 
Treatife  is,  to  prefent  to  the 
Public  a comprehenfive  view  of  the 
prefent  ftate  of  Electricity,  re- 
duced into  as  fmall  a compafs  as  the 
nature  of  the  fcience  would  admit. 
It  is  divided  into  five  parts , in  each 
of  which  are  contained  fuch  par- 

t>  * , 

ticulars,  as  had  lefs  connection  with 
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the  reft ; and  the  diftinCt  view  of 
which,  it  was  thought,  might  be  a 
means  of  preventing  a confufton  of 
ideas  in  the  minds  of  thofe  readers, 
who  before  have  not  been  much 
converfant  with  the  fubjech 

The  jirjl  part  treats  of  the  Laws 
of  Ele&ricity  only  ; i.  e.  of  fuch 
natural  laws  concerning  Electricity, 
as,  by  innumerable  experiments, 
have  been  found  uniformly  true, 
and  are  independent  on  any  hypo- 
thefts.  In  this  part,  the  Author 
has  not  defcended  to  any  particu- 
lars, which  were  not  clearly  afcer- 

t ' | 

tained,  or  which  were  inconftdera- 

^ # •* 

ble  ; but  he  has,  at  the  fame  time, 
taken  care  not  to  omit  any  thing 

material, 
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material,  or  which  feemed  to  pro- 
mife  future  difcoveries. 

The  fecond  part  is  merely  hy- 
pothetical ; relating  not  to  faCts, 
but  to  opinions.  The  great  im- 
probability of  moft  of  thefe  hypo- 
thefes  determined  the  Author  to 
render  this  part  of  his  work  as  fhort 
as  pofiible,  • 

The  third  part  contains  the  prac- 
tical branch  of  Electricity.  Here 
the  Author  has  taken  care  to  in- 
fert  a defcriptlon  of  all  the  new 
improvements  in  the  apparatus  ; 
which  ferve  to  leflen  the  expence 

of  it,  and  at  the  fame  time  to  fa- 
cilitate the  performance  of  the  ex-r 
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periments.  As  to  the  experiments! 
themfelves,  he  has  chiefly  infilled, 
on  a few  principal  ones,  which 
feemed  moft  neceffary  to  illuftrate 
and  confirm  the  laws  of  Electri- 
city ; omitting  a great  number  of 

others,  which  he  has  met  with,  as 

% 

they  appeared  to  be  only  variations 

* 

of  the  former.  He  has  however 

/ 

given  an  account  of  fome  others, 
which,  though  not  abfolutely  ne- 
ceflary,  feemed  very  deferving  of 
notice. 

The  fourth  part  contains  a brief 
account  of  the  principal  experi- 
ments, which  have  been  made  by 
the  Author  himfelf,  in  purfuance 
of  what  occurred  to  him  in  the 

courfe  . 
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courfe  of  his  ftudies  in  this  branch 
of  philofophy.  In  this  part  he  has 
omitted  to  mention,  not  only  thofe 
attempts,  which  did  not  produce 
any  conliderable  effeCt,  but  alfo  the 
innumerable  conjectures  he  formed 
about  them  and  others,  not  yet 
brought  to  the  teft  of  aCtual  obfer- 

yation. 

. 

« 

Th z fifth  part  contains  the  prac- 
tice of  Medical  EleCtricity,  which 

was  formerly  printed  by  itfeli. 

* \ 

The  Author  takes  this  opportu- 
nity of  acknowledging  the  obliga- 
tions he  is  under  to  feveral  of  his 
ingenious  friends,  for  various  expe- 
riments, and  remarks,  communicat- 
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ed  by  them ; and  particularly  to 
the  late  Mr.  William  Henly,  who 
did  as  much  as  laid  in  his  power  to 
inform  him  of  every  particular) 
which  he  thought  would  enrich  and 
embellifh  the  work. 

i * 

It  was  deemed  unneceffary  to 
point  out  thofe  gentlemen,  whofe 
experiments  and  obfervations  intro- 
duced in  this  work,  were  before 
well  known  to  the  world  ; for 

I 

which  reafon  the  Author  has  con- 
fined himfelf  to  the  mention  of  the 
names  of  thofe  perfons,  whofe  ex- 
periments were  new,  or  not  com- 
monly noticed  by  the  writers  on  this 
fubjed.- 


The 
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The  third  edition  was  enriched 
by  various  new  and  interefting  par- 
ticulars, which  were  difperfed 

throughout  the  work  ; but  knee 

/ 

that  time  divers  improvements,  and 
many  very  remarkable  difcoveries, 
have  been  made  relative  to  the  Sci- 
ence of  Eledricity,  amongft  which 
we  mufl  reckon  the  furpriiing  fub- 
jed  of  Animal  Electricity.  It 
became  therefore  neceffary  to  add 
thofe  difcoveries  and  improvements 
to  the  work  ; and  in  order  to  ac- 
commodate  the  poffeffors  of  the 
third  edition,  the  firft  and  fecond 
volumes  have  been  reprinted  with- 
out any  material  alteration,  whilft 

the  new  particulars  have  been  col- 

, % 

leded  in  a third  volume,  which  may 

§ be 
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be  had  by  itfelf,  as  well  as  with  the 
other  two  volumes. 

To  render  the  T reatife  more  in- 

telligible  and  ufeful,  fix  copper- 

* \ 

plates  are  added  to  it  } and  a co- 
pious Index  of  the  particulars  which 
are  moft  deferving  of  attention. 
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Alt  T S and  fciences,  like  kingdoms 
and  nations,  have  each  in  their  turn 
home  happy  period  of  glory  and  fplendor, 
in  which  they  more  than  ever  attract  the 
human  attention,  and,  by  carting  a ftronger 
light  than  at  other  times,  become  the  fa- 
vourite objeCt  and  purfuit  of  the  age;  but 
thefe  periods  are  feon  over,  and  a few  years 
of  luftre  and  fame  are  often  overbalanced 
by  centuries  of  oblivion.  From  Under- 
going this  fate,  fome  fciences  are,  however, 
excepted,  which,  owing  to  the  vaft  and  ne- 
celTaiy  extent  of  their  ufe,  and  to  the 
fruitfulnefs  of  their  productions,  are  ever 
flouriihing ; and  although  once  unknown, 
yet  when  fame  had  proclaimed  their  birth, 
or  publiflied  their  advancement,  they  ne- 
ver afterwards  declined.  Of  this  kind  is 
Electricity,  one  of  the  moft  pleafmg  and 
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furprifing  am  eng  all  the  branches  of  natural 
philofophy  that  ever  were  cultivated  by 
man.  This  fcience,  after  it  began  to  fhew 
the  extent  and  generality  of  its  power ; 
after  it  was  known  to  be  one  of  the  greateft 
agents  of  nature  ; remained  always  in 
vogue*  was  profitably  cultivated,  irremit- 
tedly  advanced,  and  is  now  brought  to  a 
ffate,  in  which,  inftead  of  becoming  fterile, 
it  teems  further  to  engage  the  general  at- 

O O 

tention,  and  to  promile  to  its  followers  more 
munificent  rewards.  Optics,  indeed,  (hews 
many  enchanting  and  ufeful  properties,  but 
concerning  vifion  only ; Magnetifm  exhi- 
bits the  force  of  attraction,  repullion,  and 
polarity  in  that  fubftance  called  a Magnet; 
but  Electricity,  containing,  as  it  were,  all 
within  its  power,  alone  exhibits  the  effedts 
of  many  fciences,  combines  together  differ 
rent  powers,  and,  by  ftriking  the  fenfes  in  a 
particular  and  fiirprifing  manner,  affords 
pleafure,  and  is  of  ufe  to  the  ignorant  as 
well  as  the  philofopher,  the  rich  as  well  as 
the  poor.  In  Electricity,  we  are  pleafed 
with  beholding  its  penetrating  light,  ex- 
hibited in  numberlefs  different  forms ; we 
admire  its  attraction  and  repullion,  adting 
' • upon 
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upon  every  kind  of  body  ; we  are  furprifed 
by  the  {hock,  terrified  by  the  explofion  and 
force  of  its  battery ; but  when  we  confider 
and  examine  it  as  the  caufe  of  thunder* 
lightning,  aurora  borealis,  and  other  appear- 
ances of  nature*  whofe  direful  effedts  we 
can  in  part  imitate,  explain*  and  even  avert* 
we  are  then  involved  in  a maze,  that  leaves 
nothing  to  contemplate  but  the  inexpref- 
fible  and  permanent  idea  of  admiration  and 
wonder. 

The  earlieft  account  we  have  of  any- 
known  eledtrical  effedt*  is  by  the  famous 
antient  naturalift  Theophrastus,  who 
flourilhed  about  300  years  before  the  pre- 
fent  sera.  He  tells  us  that  amber  (whole 
Greek  name  is  yXiurpov,  and  from  whence 
the  name  Electricity  is  derived)  as  well  as 
the  lyncurium  has  the  property  of  at- 
tracting light  bodies.  This  was  all  that 
was  known  of  the  fubjedt,  for  about  fif- 

* It  hath  been  in  a manner  proved,  that  the  lyncii 
rtum  of  Theophrastus  is  the  very  fame  fubftanee 
that  now  goes  under  the  name  of  Tourmalin-,  of  which 
we  (hall  have  occafion  to  fpeak  in  the  courfe  of  this 
Treatife. 
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teen  centuries  after  Theophrastus;  in* 
which  long  period  we  find  no  mention  in, 
hiltory  of  any  perfion  having  made  any  dif- 
coveries,  nor  even  any  experiments  in  this 
branch*  of  philofophy  ; the  fcience  remain- 
ing quite  in  the  dark  till  the  time  of  Wm*. 
Gilbert,  an  Englilh  phyfician,  whofe 
work.,  de  magnete ,,  which  contains  feveral; 
eleCtrical  experiments,  was  published  in  the 
year  1600  ; and  who,  for  his.difcoveries  in 
this  new  and  uncultivated  field,,  may  be 
juftly  deemed  the  father  of  the  prefent 
Electricity.  He  obferved,  that  the  pro- 
perty of  attracting  light  bodies,  after  rub- 
bing, was  not  peculiar  to  amber, ; or  the  - 
lyncurium ; but  that  many  other,  bodies  pof- 
felled  it  as  well  as  amber.  He  mentions  a. 
great  number  of  thofe,  together  with  many 
particulars,  which,  confidering  the  ftate  of 
the  fcience  at  that  time,  may  be  deemed 
truely  great  and  interefting. 

After  Gilbert,  the  fcience  advancing, 
although  by  fmall  degrees,  palled,  as  it, 
were,  from  infancy  to  puerility ; many  an 
excellent  philofopher  undertaking  to  ex- 
amine nature  in  this  walk : fuch  was  Sir 

FRANCIS; 
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Francis  Bacon,  Mr.  Boyle,  Otto 
Guericke,  Sir  Isaac  Newton,-  and 
moil  of  all  Mr.  Hawkesbee,  a perion  to 
whom  we  are  much  indebted  for  many  im- 
portant difcoveries,  and  a real  advancement 
of  Eledtricity.  Mr..  Hawkesbee  was  the 
fir  ft  who  obferved  the  great  eledtric  power 
of  glafs  j a fubftance,.  that,  fince  his  time,, 
has  been  generally  ufed  by  all  Eledbicians* 
in  preference  to  any  other  eledtric.  He 
firft  remarked  various  appearances  of  the 
eledtric  light,  and  the  noife  accompanied 
with  it,  together  with  a variety  of  pheno- 
mena relating  to  eledtric  attradlion  and  re- 
pulfion.  ■ " 

I S'. 

After  Mr.  Hawkesbee,  the  icience  of 
Eledtricity,  however  hitherto  advanced,  re- 
mained for  about  twenty  years  in  a ftate  of 
quiefcence,  the.  attention  of  philofophers 
being  at  that  time  engaged  in  other  phi- 
lofophical  fubjedts>,  which,  on  account  of 
the  new  difcoveries  of  the  incomparable 
Sir  Isaac  Newton,  were  then  greatly  in 
repute.  Mr.  Grey  was  the  firft, after  this 
period  of  oblivion,  to  bring  the  fcience 
again  to  light.  He,  by  his  great  difcove- 
ries,. 
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ries,  re-introduced  it  to  the  acquaintance 
of  philofophers,  and  from  him  the  true 
flourifhing  era  of  Electricity  may  be  faid  to 
take  its  date. 

The  number  of  Eledtricians  that  hath 
been  daily  multiplying  fmce  Mr.  Grey, 
the  difcoveries  made,  and  the  ufe  derived 
from  thofe,  till  the  prefen t time,  are  mat- 
ters really  worthy  of  attention,  and  deferve 
to  be  admired  by  every  lover  of  the  fci- 
ences,  and  well-wilher  to  the  human 
race. 

\ / 

Whoever  would  make  himfelf  acquainted 
with  the  particular  tranfadtions  concerning 
thofe  advances,  fhould  read  the  elaborate 
Hiftory  of  Eledtricity  compiled  by  the 
learned  Dr.  Priestley,  a work  that  will 
inform  him  of  whatever  had  been  done 
relative  to  the  fubjedt  till  its  publication. 
I,  for  my  part,  muft  forbear  making  any 
long  hiftorical  detail;  this  treatife  being’ 
intended  to  give  an  account  of  the  prefent 
Rate  of  Electricity,  in  a methodical  man- 
ner, and  not  an  hiftory  of  the  fame.  I fhall 
in  general  only  obferve,  that  although  the 

fcience 
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fcience  had,  through  the  indefatigable  at- 
tention of  fo  many  ingenious  perfons,  and 
by  the  difcoveries  that  were  daily  produced, 
excited  the  curiofity  of  philofophers,  and 
engaged  their  attention  ; yet,  as  the  caufes 
of  any  thing,  whether  fmall  or  great, 
known  or  unknown,  are  feldom  much  at- 
tended to,  if  their  effeCts  are  not  finking 
and  Angular ; fo  Electricity  had,  till  the 
year  1746,  .been  ftudied  by  none  but 
Philofophers,  its  attraction  could  in  part 
be  imitated  by  a loadftone ; its  light  by 
a phofphorus ; and,  in  fhort,  nothing  con- 
tributed to  make  Electricity  the  fubjeCt  of 
the  public  attention,  and  excite  a general 
curiofity,  until  the  capital  difcovery  of  the 
vaft  accumulation  of  its  power,  in  what  is 
comrnonly  called  the  Leyden  phial , which 
was  accidentally  made  in  the  memorable 
year  1745  *.  Then,  and  not  till  then,  the 
ftudy  of  EleCtricity  became  general,  fur- 
prifed  .every  beholder,  and  invited  to  the 

* This  great  difcovery  was  made  by  Mr.  Von 
Kleist,  Dean  of  the  Cathedral  in  Comin.  See  the 
third  edition  of  Dr.  Priestley’s  Hid.  of  EleCt. 
Per.  VIII.  Sedt.  1. 
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houles  of  Eledricians  a greater  number  of 
ipedators,  than  were  before  affembled  to- 
gether to  obferve  any  philofophical  experi- 
ments whatfoeyer. 

, \ • 

Since  the  time  of  . this  difcovery,  the  pro- 
digious number  of  Eledricians,  experiments, 
and  new  fads  that  have  been  daily  produced 
from  every  corner  of  Europe,  and  other 
parts  of  the  world,  is  almofl  incredible. 
Difcoveries  crouded  upon  difcoveries ; im- 
provements upon  improvements ; and  the 
fcien£e  ever  fince  that  time  went  on  with 
fo  rapid  a courfe,  and  is  now  fpreading  fo 
amazingly  fa  ft,  that  it  feems  as  if  the  fub~ 
jed  would  be  foon  exhauiled,  and  Eledri- 
cians arrive  at  an  end  of  their  refearches  : 
but,  however,  the  ne  plus  ultra  is,  in  all 
probability,  as  yet  at  a great  diftance,  and 
the  young  Eledrician  has  a vail  field  before 
him,  highly  deferving  his  attention,  and 
promifing  further  difcoveries,  perhaps 
equally,  or  more  important  than  thofe  al- 
ready made. 
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FUNDAMENTAL  LAWS  OF  ELECTRICITY. 

CHAR  I. 

Containing  the  'Explanation  of  forne  Terms 
principally  ufed  in  Electricity* 

IF  a perfon,  holding  with  one  of  his 
hands  a clean  and  dry  glafs  tube,  rubs 
it  with  his  other  hand,  alfo  clean  and  dry, 
ftroking  it  alternately  upwards  and  down- 
wards ; and  after  a few  ftrokes,  prefents  to 
it  fmall  light  bits  of  paper,  thread,  me- 

B tal, 
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tal,  or  any  other  fubllanee,  the  rubbed 
tube  will  immediately  attraCt  them,  and 
after  a little  time  will  repel  them-*~pre- 
fently,  attract  them  again  $ and  fo  alter- 
nately continue  this  attraction,  and  repul- 
lion,  for  a coaliderable  Time.  If  this  tube 
be  rubbed  in  the  dark,  and,  after  having 
been  rubbed,  a finger  be  prefented  to  it  at 
the  diftance  of  about  half  an  inch,  a lucid 
fpark  will  be  feen  between  the  finger  and 
the  tube,  accompanied  with  a flapping  noife> 
the  finger  at  the  fame  time  receiving  a pufh, 
as  if  it  were  from  air  ilfuing  with  violence 
out  of  a fmall  pipe. 

In  this  experiment,  the  attraction,  re- 
pulfion,  fparkling,  6 cc.  are  the  effeCts  of 
that  unknown  caufe  called  Eledlricity ; and 
lienee  they  are  called  electrical  appearances < 
The  idafs  tube  itfelf  is  called  the  electric, 
and  all  thofe  bodies  which  are  capable  by 
any  means  to  produce  fuch  effeCts,  are 
called  ele dirks ; and  as  the  rubbing  awakes, 
as  it  were,  in  them  the  power  of  produ- 
cing eleCtrical  appearances,  they  are  there- 
fore faid  to  be  excited  by  the  rubbing.  Th$ 
band,  or  any  other  body  that  fubs  an 

elcCtric, 
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clettric,  is  called  the  rubber ; and  if,  in- 
ftead  of  the  perfon  rubbing  the  glafs  tube, 
a machine  be  conllrudted  capable  by  any 
means  to  excite  an  electric,  this  will  be  an 
electrical  machine. 

I 

If  at  the  end  of  the  tube  oppofite  to 
that  held  by  the  hand,  a wire  of  any  length 
be  tied,  fufpending  a metallic  ball  at  its 
end,  and  the  tube  be  excited  as  before,  the 
metallic  ball  will,  in  this  cafe,  acquire  all 
the  properties  of  the*  excited  tube,  /.  e.  it 
will  attract,  fparkle,  &c.  like  the  tube  it- 
felf,  the  eledric  virtue  palling  through  the 
wire  to  the  ball : hence,  the  wire  is  faid 
to  be  a conductor  of  electricity  $ and  all  fuch 
bodies  as  are  capable  to  tranfmit  the  elec- 
tric virtue,  like  the  above-mentioned  wire, 
are  called  conductors. 

But  if,  inftead  of  the  wire,  a lilk  firing 
be  ufed  in  the  above  experiment,  and  the 
tube  be  excited  as  before,  the  ball  in  this 
cafe  will  not  Ihew  any  figns  of  Eledricity  ; 
the  lilk  firing  not  permitting  the  eledric 
virtue  to  pafs  from  the  tube  to  the  ball : 

B z hence 
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hence  the  filk  firing  in  this  cafe,  and  all 
thofe  fubftances  through  which  the  eledlric 
virtue  cannot  be  tranfmitted,  are  called  non* 
conductors. 

A body  refling  intirely  upon  non-con- 
dudlors  is  faid  to  be  infulated  -y  fo,  in  the 
lafl  experiment,  the  metallic  ball  was  infu- 
lated ; fince  it  was  fufpended  intirely  by 
the  filk  firing,  which  is  a non-condudlor. 
The  bodies  which  are  conduftors,  and 
thofe  which  are  non-condudlors  of  elec- 
tricity, together  with  their  peculiar  pro- 
perties, as  far  as  they  are  known,  will  be 
plainly  laid  down  in  the  following  chap- 
ters. 


CHAP, 
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CHAP.  II. 

Of  Electrics  and  Conductors. 

TH  E fir  ft  and  principal  maxim  in 
EleCtricity  is,  that  all  the  known 
bodies  in  nature  are  divided  into  two  claffes, 
viz.  EleCtrics  and  Conductors ; experiments 
fhewing,  that  whatever  fubftance  is  a Con- 
ductor of  EleCtricity,  cannot  be  excited, 
(hence  Conductors  are  alfo  called  Non - 
eleCtrics ) ; and  that  whatever  fubftance  can 
be  excited,  is  not  a Conductor,  (hence 
EleCtrics  and  No?i-conduClors  become  fyno- 
nymous  terms*.)  This  maxim,  however, 
is  not  to  be  confidered  as  ftriCtly  true  and 
general ; for  in  reality  we  know  of  no  fub- 
ftance that  may  be  called  a perfect  EleCtric, 
nor  of  any  that  may  be  called  a perfeCt 
Conductor ; the  EleCtric  virtue  finding 
fome  refiftance  in  going  through  the  belt 
Conductors,  and  being  in  part  tranfmitted 
through,  or  over  the  furface  of  moft,  and 
perhaps  all  the  EleCtrics.  The  lefs  per- 

? Electrics  are  often  alfo  called  Ekftrics  per  fe. 
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fedt  Conductor  any  fubftance  is,  the  nearer 
it  comes  to  the  nature  of  an  Eledtric ; and, 
on  the  other  hand,  the  lefs  perfedt  Eledtrics 
qome  neareft  to  the  nature  of  Condudtors, 
The  limits  of  thofe  two  dalles  come  fo  far 
one  within  the  other,  that  there  are  many 
fubftances  which  may  be  actually  excited, 
and  at  the  fame  time  are  pretty  good  Con- 
ductors. If  the  reader  defires  to  know 
thofe  ambiguous  fubftances,  he  muft  feek 
for  the  word:  Electrics  among  the  Elec- 
trics, and  for  the  worft  Conductors  among 
the  Condudtors,  excepting  fuch  on  which, 
the  experiment  cannot  be  tried,  as  fluids, 
powders,  &c. 

The  two  following  lifts  contain,  in  gene- 
ral, all  the  Eledtrics  and  Condudtors,  dif-» 
pofed  in  the  order  of  their  perfection,  be^ 
ginning  in  each  lift  with  the  mod  perfedt 
of  their  clafs.  In  this  order,  however, 
the  reader  muft  not  expedt  a great  exact  - 
nefs ; that  being  impracticable,  when  fub- 
ftances are  fet  under  general  articles ; and 
at  the  lame  time  is  of  little,  if  indeed  of 
any  ufe  whatever. 
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<jlafs,  and  all  vitrifications,  even  thole 
of  metals. 

All  precious  ftones,  of  which  the  mofi 
trapfparent  are  generally  the  beft. 

All  refins  *,  and  refinous  compounds. 

' Amber. 

Sulphur, 

Baked  wood. 

All  bituminous  fubllances. 

Wax. 

Silk. 

Cotton. 

All  dry  animal  fubllances,  as  feathers? 
wool,  hair.  See,  ■ . 

Paper. 

White  fugar,  and  fugar-candy. 

Air.  * 

/ i ^ 

• Under  the  name  of  refins,  I would  be  under- 
flood  to  mean  all  fuch  confident,  oily,  vegetable,  pro- 
ductions as  are  inflammable,  and  not  foluble  in  wa- 
ter; gum-lac,  therefore,  and  all  fuch  fubflances,  im- 
properly called  gums,  are  alfo  meant  under  this  article, 
gee  Mac^kr’s  Chemiflry,  vol,  i,  chap.  ji$ 
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Oils  * 

Calces  of  Metals  and  femi-metals. 

. 't 

The  aihes  of  animal  and  vegetable  fub^ 
fiances. 

All  dry  vegetable  fubftances. 

All  hard  {tones,  of  which  the  hardeft 
are  the  beft. 

Many  of  the  above-mentioned  fubftances, 
and  perhaps  all  thofe  upon  which  the  ex- 
periment can  be  made,  when  very  hot, 
lofe  their  eleCtric  property,  and  become 
quite,  though  not  equally  good.  Con- 
ductors ; fo  red-hot  glafs,  melted  refin, 
hot  air,  baked  wood  made  very  hot,  &c. 
become  Conductors  of  eleCtricity.  But  it  is 
very  remarkable,  that  the  focus  of  a burn- 
ing-glafs  is  not  a Conductor  of  eleCtricity. 
It  has  been  obferved,  that  glafs,  efpeciallv 
the  hardeft  and  beft  vitrified,  is  often  a 
very  bad  EleCtric,  fometimes  being  quite 
a Conductor.  The  Abbe  Nollet  and  others 
have  made  various  experiments  relative  to 
this  property  of  glafs,  but  without  deter- 

* Mr.  Cigna  obferved  eleCtrical  attraction  and  re- 
pulfion  between  conducting  fubftances  plunged  in  oil. 
Nqllet’s  Letters,  vol.  iii.  p.  168. 
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mining  intirely  the  caufes  which  occafion 
the  difference.  Glafs  veffels,  made  for 
eledlrical  purpofes,  are  often  rendered  very 
good  Eledtrics  by  ufe  and  time,  though 
they  might  be  very  bad  ones  when  new. 
On  the  other  hand,  fome  glafs  veffels,  which 
had  been  long  ufed  for  excitation,  have 
fometimes  loft  their  power  almofl  intirely. 
I remember  to  have  obferved  two  indifput- 
able  inftances  of  this  fort. 

A glafs  veffel,  put  of  which  the  air  has 
been  exhaufted,  on  being  rubbed,  fhews 
no  figns  of  ele&ricity  upon  its  external  fur- 
face,  but  all  the  eledtric  power  appears 
within  the  veffel*.;  and  a glafs  tube,  or 
globe,  with  the  air  condenfed  in  it,  or 
full  of  fome  conducting  fubftance,  is  in- 
capable of  being  excited.  But  a folid  flick 
of  glafs,  of  fealing  wax,  See.  may  be  excited. 

* Although  a glafs  veffel,  exhaufted  of  air,  does 
not  fhew  any  figns  of  electricity  without ; yet  it  has 
been  obferved,  that  the  eledtric  power  of  a glafs  cy- 
linder is  the  ftrongeft,  when  the  air  within  it  is  a 
little  rarefied,  viz*  fomewhat  lefs  denfe  than  the  ex- 
ternal air.  See  PEkttricifmo  Artificiale  of  G.  E-* 
.Bjsccaria,  §411* 
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CONDUCTORS,  : 

Gold. 

Silver. 

Copper, 

Brafs. 

Iron. 

Tin. 

Quickfilver, 

Lead. 

Semi-metals. 

Ores  of  which  the  be#  are  thole  that 
contain  the  metallic  part  in  the  greateft 
quantity,  and  come  neareft  to  a metalline  ' 
flate. 

Charcoal,  made  either  of  animal  or  of 
vegetable  fubftances. 

The  fluids  of  an  animal  body. 

All  fluids,  excepting  air  and  oils*. 

The  effluvia  of  flaming  bodies. 

Icef. 

' Snow, 

* Salt  water  Is  a better  Conductor  than  frefh 
water. 

t Mr.  A chard,  being  at  Berlin,  in  the  month  of 
January  1776,  obferved,  that  water  froze  to  the 
twentieth  degree  below  0 of  Reaumur’s  thermometer 

(whiol 
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Snow. 

Moft  faline  fubftances,  of  which  the 
metallic  falts  are  the  bell. 

Stony  fubftances,  of  which  the  hardcft 
are  the  worft. 

Smoke. 

The  vapour  of  hot  water. 

Electricity  pervades  alfo  vacuum,  or  the 
abfence  of  air  caufed  by  an  air-pump,  ah 

{whi^h  anfwers  to  the  thirteenth  degree  below  o qf 
Fahrenheit’s  fcale)  was  an  ele&ric.  He  tried  his  ex- 
periments in  the  open  air,  where  he  found  that  a rod 
of  ice  two  feet  long,  and  two  inches  thick,  was  a very 
imperfect  Conductor,  when  Reaumur’s  thermometer 
was  at  fix  degrees  below  o,  and  that  it  would  not  in 
the  leaft  condudf,  when  the  thermometer  was  at  20% 
By  whirling  a lpfieroid  of  ice  in  a proper  machine, 
he  even  electrified  the  prime  condudtor,  fo  as  to  at- 
tra£t,  repel,  give  fparks,  &c.  The  ice  that  this  gen- 
tleman made  ufe  of,  was  free  from  bubbles  of  ait,  and 
quite  tranfparent;  to  produce  which,  he  ufed  to  fet  z 
vefifel,  containing  dill  filed  water,  to  be  frozen,  upon 
the  window  of  a room,  which  was  rather  warm  with 
tefpeft  to  the  ambient  air ; where  the  water  began  to 
freeze  on  one  fide  of  the  vefifel,  while  on  the  other  fide 
it  was  {bill  liquid;  in  which  cafe,  he  fays  that  the 
bubbles  of  air  feparated  from  the  part  of  the  water 
that  began  to  freeze  firft,  and  palled  gradually  into  $he 
liquid  part,  fo  as  to  leave  a confiderable  thicknefs  of 
Jce  quite  tranfparent, 

* moft 
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moil:  as  freely  as  the  fubftance  of  a good 
Conductor**. 


Befides  thefe,  all  bodies,  in  which  more 
or  lefs  of  fome  of  the  above-mentioned  Con- 
ductors are  contained,  are  alfo  proportion- 
ably  Conductors ; thus,  green  vegetables, 
raw  meat,  &c.  are  Conductors,  on  account 
of  the  fluids  they  contain. 


From  this  principle  it  follows,  that  all 
EleCtrics,  before  excitation,  fhould  be  well 
cleaned,  dried,  and  fome  made  even  very 
hot,  in  order  to  free  them  from  every  hu- 
midity  ; otherwife  they  are  fo  far  from  the 
nature  of  EleCtrics,  that  they  become  ac- 
tually Conductors,  on  account  of  the 

— . ' < - 1 4 ' •*  * * -*.«**• 

# ct  I beg  leave  to  mention  in  this  place,  as  fa- 
<4  vourable  to  this  hypothecs,  a moft  curious  difeo- 
**  very  made  very  lately  by  Mr.  Walsh  5 who,  being  - 
46  alii  fled  by  Mr.  de  Luc  to  make  a more  perfedt  va- 
iC  cuurn  in  the  double  or  arched  barometer,  by  boil— 
u ing  the  quickfilver  in  the  tube,  found  that  the  elec-’ 

trie  (park  or  fliock  would  no  more  pafs  through  it, 
u than  through  a flick  of  folidglafs. — Dr.  Priestley’s 
Exp.  and  Obf.  on  different  Kinds  of  Air,  vol.  i.  p.  284. 
Farther  experiments  and  obfervations  of  the  author  and 
others,  concerning  the  conducting  or  non-condudting 
power  of  a vacuum,  will  be  found  towards  the  end  of 
this  Yl 
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moifture  which  they  contain  within  their 
pores,  or  upon  their  furfaces. 

In  regard  to  the  conducting  powTer  of 
charcoal,  it  muft  be  obferved,  that  all  char- 
coal will  not  conduit  equally  well,  there 
being  fome  that  will  hardly  conduCt  at  all ; 
and  fometimes  is  in  fuch  a flate,  that  it 
will  affift  the  paffage  of  a large  quantity 
of  eleCtric  fluid  along  its  furface,  when  it 
will  not  conduCt  it  any  other  wray.  This 
difference,  however,  is  not  occafioned  by 
the  difference  of  the  wood  from  which  the 
coals  are  made,  but  by  the  degree  of 
heat  that  is  applied  in  the  procefs  of  mak- 
ing them ; the  belt  Conductors  - being 
fuch  as  have  been  expofed  to  the  freateft 
heat 

Whether  the  piece  of  wood  in  the  pro- 
cefs of  coaling  is  fufrered  to  flame,  or  not, 
is  quite  immaterial ; and  the  continuance  of 
the  fame  degree  of  heat  has  no  apparent 
effeCt  with  refpeCt  to  the  conducting  power 
of  the  charcoal. 

* See  Dr.  Priestley’s  fecond  volume  of  Obfer- 
vations  on  different  Kinds  of  Air,  Sec.  xiv. 
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It  will  not  be  improper  to  obferve  ill 
this  place,  the  different  changes  from  Con- 
ductor to  Non-CG>nduCtor,  occafioned  in 
the  fame  fubftance  by  different  prepara- 
tions. A piece  of  wood  juft  cut  from  a tree 
is  a good  Conductor;  let  it  be  baked,  and 
it  becomes  an  EleCtric  ; bum  it  to  a coal, 
and  it  is  a good  Conductor  again;  laftly, 
let  this  coal  be  reduced  to  afhes,  and  thefe 
will  be  impervious  to  eleCtricity.  Such 
changes  are  alfo  obfervable  in  many  other 
bodies ; and  very  likely  in  all  fubftances 
there  is  a gradation  from  the  beft  Con- 
ductors to  the  beft  Non-conduCtors  of 
EleCtricity. 
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Of  the  two  Eleffricities* 

IF,  in  the  experiment  mentioned  in  thf 
firft  chapter,  the  perfon  that  rubs  the 
tube  be  infulated,  n e.  be  fet  with  his  feet 
upon  a cake  of  refin,  a ftool  with  glafs  feet* 
or  any  other  good  EleCtric,  fo  that  the 
communication  between  his  body  and  th© 
earth  be  cut  off  by  means  of  EleCtrics  j and 
if  in  this  fituation  he  rubs  the  tube  with 
his  hand,  as  before ; this  perfon,  as  well  as 
the  tube,  will,  in  this  cafe,  appear  electri- 
fied. If  any  light  bodies  be  prefented  to 
any  part  of  his  body,  they  will  be  attra<3> 
ed  and  repelled.  If  another  perfon  prefents 
his  finger  to  him,  a lucid  fpark  will  fol- 
low, with  a flapping  noife.;  and,  in  fhort*  , 
this  infulated  perfon  will  fhew  every  fign 
of  eledtricity  that  the  tube  exhibits.  But 
their  electricities  are  not  the  fame ; the 
electricity  of  the  tube  being  juft  the  reverfe 
of  the  electricity  of  the  perfon : and  their 
paiticular  appearances  are  the  following: 

i.  Whenever 
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i.  Whenever  a light  body  infulated,  as* 
for  inftance,  a fmall  piece  of  cork  fuf~ 
pended  by  a lilk  thread,  has  been  attradled 
by  the  tube,  and  afterwards  repelled,  if  no 
conducing  fubftance  touches  it  in  this 
ftate  of  repulfion,  it  will  not  be  attradled 
by  the  tube  again.  The  fame  happens 
with  the  infulated  perfon ; for  when  this 
light  body  has  been  once  attradled  by  any 
part  of  his  body,  and  afterwards  repelled, 
it  will  not  be  attradled  again ; but  if  in  this 
ftate  of  repulfion  the  tube  be  prefented 
to  it,  then  it  will  be  attradled,  and  that 
violently,  by  the  tube ; and  when  repelled 
by  the  tube,  it  will  be  attradled  by  the  in- 
fulated perfon.  Further,  if  two  or  more 
light  infulated  bodies,  like  the  above- 
mentioned  piece  of  cork,  be  federally  at- 
tradled by  the  tube,  and  when  afterwards 
repelled,  be  brought  within  a fmall  dis- 
tance of  one  another,  they  will  repel  each 
other,  and,  if  well  infulated,  continue  in 
this  eledtrified  and  repulfive  ftate  for,  a con- 
siderable time.  The  fame  will  happen,  if 
they  be  prefented  to  the  perfon  inftead  of 
the  tube ; they  will  alfo,  after  being  once 
repelled  by  this,  repel  one  another.  But, 

if 
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if  one,  or  more  of  thofe  light  infulated  bo- 
dies be  a tt rafted  and  repelled  by  the  tube ; 
and  one  or  more  others  be  attrafted  and  re- 
pelled by  the  perfon,  and  afterwards  both 
or  all  (/.  e.  fuch  as  were  prefented  to  the 
tube,  and  fuch  as  were  prefented  to  the 
infulated  perfon)  be  brought  within  a fuffi- 
cient  diltance  of  one  another,  they  will 

*■  * * iv  > 

then,  inftead  of  repelling,  attraft  each  other; 
and  inllead  of  continuing  eleftrffied,  ex- 
tinguifh  at  once  every  fign  of  eleftricityc 
Thefe  two  eleftricities,  therefore,  are  (as 
was  faid  before)  the  one  juft  the  contrary 

v.  . v * / 

of  the  other,  the  one  attracting  what  the 
other  repels ; and,  as  if  one  was  an  affirm- 
ative,  and  the  other  a negative  power, 
when  equal  quantities  of  each  are  fummed 
together,  they  balance  each  other,  and  Ioffe 
every  property, 

\ •,  ..  1 * v * ....  v 

2.  Another  charafteriftic  cf  each  of  the 
two  eleftricities,  confifts  in  the  appearance 
of  their  light.  If  a pointed  body,  as  a 
needle,  a wire,  or  the  like,  be  prefented 
to  the  Excited  tube  in  the  dark,  a lucid 
globule,  like  a ftar,  will  be  feen  upon  the 
point ; but  if  this  pointed  body  be  pre- 
sented tx>  the  infulated  perfon,  then  in  the 
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place  of  the  ftar  a lucid  pencil  appears, 
compofed  of  rays,  feemingly  iffuing  from 
the  point,  and  diverging  towards  the  per- 
fon  , 

3.  Laftly,  in  fome  experiments  (which 
will  be  hereafter  particularly  mentioned, 
and  this  property  better  explained)  the  elec- 
tricity of  the  tube,  when  in  the  ad:  of  paf- 
fing  from  a body  overcharged  with  it  to 
another,  either  not  eledrified,  or  pofTeffed 
of  the  contrary  eledricity,  Shews  an  indis- 
putable current  from  the  former  to  the 
latter ; and  the  eledricity  of  the  infulated 
perfon,  when  in  the  ad  of  pafling  from  a 
body  overcharged  with  it  to  another,  either 
not  eledrified,  or  poffeffed  of  the  contrary 
eledricity,  Shews  clearly  a current  from  the 
latter  to  the  former. 

r 

Thefe  twro  eledricities  are  not  only  ob- 
served in  the  above-mentioned  experiment, 
but  in  Several  other  cafes  alfo ; and  they 
always  accompany  each  other;  for  when 

# This  pencil  of  rays  will  appear  better,  if  a 
pointed  needle  be  prefented  to  the  infulated  perfon, 
at  the  diftance  of  about  one  inch  from  fome  part  of 
his  body,  while  he  is  actually  rubbing  the  tube  in  the 
dark* 
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different  Eledrics  are  rubbed,  fome  will 
acquire  one  eledricity,  and  others  will  ac- 
quire the  contrary ; the  rubber,  if  inf- 
lated, Die  wing  at  the  fame  time  figns  of 
the  eledricity  contrary  to  that  acquired  by 
the  excited  eledric : befides  this,  almoft 
all  Eledrics  may  be  made  to  few  at  plea- 
fure  the  one  or  the  other  eledricity,  ac- 
cording to  the  fubftance  ufed  for  a rubber. 
Hence  the  following  corollaries  may  be  de- 
duced : viz*  1 Whenever  two  different 
fu  bftances  (being  both  inflated,  or  only 
that  which  is  a Condudor)  are  rubbed  to- 
gether, except  they  are  both  equally  good 
Condudors,  they  will  be  both  eledrified, 
and  one  acquire  the  eledricity  contrary  to 
the  eledricity  of  the  other.  2.  Almoft  all 
tne  Eledrics  may  be  made  to  acquire,  at 
pleafure,  the  one  or  the  other  eledricity  by 
tiling  proper  rubbers. 

The  firft  of  thefe  two  eledricities,  /.  e* 
that  poffeffed  by  the  glafs  tube  in  the  above 
experiment,  as  it  was  thought  to  be  the 
cbnftant  produdion  of  rubbed  glafs,  was 
called  the  Vitreous  Eledricity  ; and  the 
other,  as  it  was  firft  obferved  to  be  pro- 
duced  by  rehnous  f bftanqes*^  was  called 

C z the 
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the  Re/znous  Electricity . The  Vitreous  Elec* 
tricity  is  alfo  called  Pojitive  or  Plus  Elec- 
tricity, for  a reafon  that  will  be  confidered 
in  the  courfe  of  this  Treatife ; and  the 
Relinous  is  called  alfo  Negative  or  Minas 
Electricity.  A body,  therefore,  poffeffed 
cf  the  Vitreous,  Politive,  or  Plus  Eiedtri- 
city,  is  that  which  Ihews  fuch  figns  as  the 
tube  was  faid  to  exhibit ; and  a body  pof- 
feffed of  the  Relinous,  Negative,  or  Minus 
Electricity,  is  that  which  (hews  fuch  figns 
as  the  iniulated  perfon  was  faid  to  exhibit 
in  the  above-mentioned  experiment. 

In  the  following  Table  may  be  feen  what 
Electricity  will  be  excited  in  different  bo- 
dies, when  rubbed  with  different  fubftances. 
Smooth  glals,  for  inltance,  will  be  found  by 
this  Table  to  acquire  a Politive  Electricity, 
when  rubbed  with  any  fubftance  hitherto 
tried,  except  the  back  cf  a cat  (by  which 

I , nean  the  ikin  of  a cat  while  on  the  ani- 

* \ 

mal  alive);  rough  glafs,  viz.  glafs  the poliflr 
of  which  has  been  deftroyed  by  emery  or 
ofherwife,  will  be  found  to  acquire  the  Po- 
fitive  Eledti  icity,  when  rubbed  with  dry 
oiled  filk,  fulphur,  &c.  and  the  Negative* 

when 


i 


on  E L £ C T R X C I T Y.  21 

\ 

when  rubbed  with  woollen  cloth,  the  hand, 
&c.  and  fo  of  the  reft. 

The  back  of  a?  j Every  fubftance  with  which 

cat  ,5  has  been  hitherto  tried. 


Smooth  glafs 


Rough  glafs * 


Tourmalin 


Hare’s  (kin 


White  filk 


Black  filk 


N 


Sealing-wax 


Baked  wood 


) i Every  fubllance  hitherto  tri- 

C Pofitive  < ed,  except  the  back  of  a 


Negative 


cat. 

„ r • i Dry  oiled  filk,  fulphur,  me- 
IofinVC  | tab. 

Woollen  cloth,  quills,  wood, 
paper,  fealing-wax,  white- 
wax,  the  human  hand. 

Pofitive  | Amber,  air  f . 

Negative  | Diamond,  the  human  hand. 

f Metals,  filk,  loadftone,  lead 
Pofitive  < ther,  hand,  paper,  baked 
(_  wood. 

Negative  | Other  finer  furs, 

Pofitive  I Black  filk,  metals,  black 
l cloth. 

tv t • { Paper,  hand,  hairs,  weafePs 

NeSatIVe  1 fkin. 

Pofipve  j Sealing-wax, 

C Hare’s,  weafels,  and  ferret’s 
Negative  < fkin,  loadftone,  brais,  lilver, 
iron,  hand. 


Pofiti 


ive  | 


Metals. 


J Negative.  ^ 

Pofitive  | Silk. 
Negative  j Flannel. 


Hare’s,  weafel’s,  and  ferret’s 
(kin,  hand,  leather,  woollen, 
cloth,  paper. 


* Glafs  may  be  made  rough  by  rubbing  it  with  fand,  or  emery, 
f i.  e.  By  blowing  with  a pair  of  bellows  upon  it.  By  this  mejms 
many  Ele&rics  may  be  fenfibly  excited,  and  fome  better  if  the  air  blown 
is  hot  l although,  in  both  cafes,  very  little  Ele&ricity  can  be  obtained. 


C 


3 


The 


A Complete  Treatise’ 

The  preceding  Table  might  have  been 
much  extended,  had  I chofen  to  bring  into 
it  all  the  minutiae  attending  this  matter  as 
far  as  is  known ; but  this  I have  thought 
unneceffary  and  impracticable,  becaufe  ex- 
periments of  this  kind  are  of  fo  nice  a na- 
ture, that  they  require  the  moft  fcrupulous 
attention  in  making  them;  and  then  their 
effeCts  depend  upon  fo  (mail  and  variable 
czrcumftances,  that  often  the  very  fame 
ElcCtric,  rubbed  with  the  fame  rubber,  gives 
at  one  time  figns  of  one  Electricity,  and  at  * 
another  time  fgns  of  the  contrary.  A very 
little  alteration  in  the  lurface,  a different 
degree  of  drynefs,  and  even  a different  ap- 
plication of  the  fame  fubftances,  often  occa- 
lions  a difference  in  the  Electricity.  I fliall 
only  obferve  in  general,  that  as  far  as  may 
be  deduced  from  the  great  eft  number  of  ex- 
periments, it  appears,  that  when  different 
fubftances  are  rubbed  together,  that  whofe 
Electric  power  is  the  ltrongeft,  in  general 
acquires  the  Pofitive,  and  the  other  the 
Negative  Electricity ; and  when  two  bo- 
dies, differing  in  the  fmoothjiefs  or  rough- 
nefs  of  their  furfaces,  are  rubbed  together, 
the  fmoo theft  acquires  the  Pofitive,  and 
4 , the 
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the  roughed  the  Negative  Electricity. 
Thefe  two  qualities  are  often  to  be  confi- 
dered  both  together ; for,  except  the  two 
bodies  are  of  the  fame  fubdance,  as  fmooth 
and  rough  glafs,  white  and  black  filk,  &c. 
they  generally  differ  in  both,  viz . they  have 
not  the  fame  eledtric  power,  and  at  the  fame 
time  their  furfaces  differ  in  fmoothnefs. 
This  rule,  however,  is  not  to  be  conddered 

r 

as  acondant  and  general  one;  for,  according 
to  this  principle,  it  fhould  feem  that  a piece 
* of  dealing- wax,  when  rubbed  with  the  hand, 
or  paper,  would  acquire  the  Pofitive  Electri- 
city; but  this  is  contrary  to  experience. 

In  cafe  that  two  eledtric  fubdances,  equal 
in  every  refpedt,  are  rubbed  together,  it  is 
to  be  obferved  that  the  fubdance  which  buf- 
fers the  greated  fridtion  acquires  the  Nega- 
tive, and  the  other  the  Pofitive  Eledtricity. 
Suppofe,  for  indance,  that  a piece  A of  filk 
be  drawn  acrofs  another  piece  of  filk  B,  in 
every  refpedt  equal  to  the  former,  fo  that 
the  furface  of  the  whole  piece  A,  /.  e.  of  one 
fide  of  it,  be  fuccefiively  drawn  over  one  part 
of  the  piece  B,  then  A will  acquire  the  Po- 
fitive, and  B the  Negative  Eledtricity.  The 

C 4 reafon 
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reafon  of  this  may  probably  be,  becaufe  the 
part  of  the  piece  B,  over  which  the  piecq 
A has  been  drawn,  has  acquired  a greater 
degree  of  heat ; for  it  has  been  obferved, 

A 

that  heat  rather  dhpofes  bodies  to  be  elec- 
trified Negatively. 


CHAP.  IV. 


Of  the  diff  'event  Methods  of  exciting  Electrics. 

UBBING,  as  we  obferved  before,  is 
the  general  paean  by  which  all  eledtric 
fub (lances  that  are  at  all  excitable,  may  be 
excited.  Whether  they  be  rubbed  with 
Electrics  of  a different  fort,  or  Conductors, 
they  always  fhew  ligns  of  Electricity,  and 
in  general  itronger  when  rubbed  with  Con- 
ductors, and  weaker  when  rubbed  with 
Eledtncs.  But  befides  friction,  there  are 
other  means  by  which  iome  Electrics  may 
be  cauled  to  fhew  eledtric  appearances : 
thefe  are,  by  melting,  • or  pouring  a melted 

Electric  into  another  fubdancc  3 by  heating 

» . * 

or  cooling ; and  by  evaporating  or  eftervef- 
cing.  The  particulars  obferved  by  ufing  the 
firlt  of  theie  two  methods  are  the  following: 

If 
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If  fulphur  be  melted  in  an  earthen  vefiel, 
and  left  to  cool  upon  Conductors  : it  taker; 
out  of  the  vefiel , when  cold,  it  will  be 
found  ftrongly  electrical ; but  not  at  all  fo^ 
if  it  be  left  to  cool  upon  EleCtrics. 

If  fulphur  be  me  U d in  glafs  vefTcls^  ancl 
afterwards  left  to  cool,  they  will  both  ac- 
quire a ft  tong  EieCfricity,  the  fulphur  Ne- 
gative, and  the  glafs  Pofitive,  whether  they 
be  left  to  cool  upon  EleCtrics  or  Con- 
ductors ; however,  they  always  acquire  a 
ftronger  power  in  the  former  cafe  than  in 
the  latter  ; and  a ftronger  ft  ill,  if  the  glafs 
vefiel  is  coated  with  metal.  It  is  remark- 

t < 

able,  that  the  fulphur  acquires  no  cleCtricity 
till  it  begins  to  cool ; its  power  jncreafes  in 
proportion  as  it  contracts,  and  is  the  ftronp*- 
eft  when  in  the  ftate  of  greateft  contraction ; 
but  then  the  electricity  of  the  glafs  velfel  is 
at  the  fame  time  the  weakeft. 

If  melted  fulphur  be  poured  into  a veffel 
of  baked  wood,  it  acquires  a Negative,  and 
the  .wood  a Pofitive  Electricity ; but  if  it 
be  poured  into  fulphur,  or  rough  glafs,  it 
acquires  no  fenlible  electricity. 


Melted 


a6  A Complete  Treatise 

Melted  fulphur  poured  into  a metal  cup, 
and  there  left  to  cool,  fliews  no  figns  of 
Electricity  whilft  in  the  cup  ; but  if  they 
are  feparated,  they  will  then  appear  ftrongly 
eleClrified,  the  fulphur  Plus,  and  the  cup 
Minus,  If  the  fulphur  is  again  replaced  in 
the  cup,  every  fign  of  EleCtricity  will  va- 
nidi ; but  if,  whilft  they  are  feparate,  the 
Electricity  of  either  of  them  is  taken  off, 
they  will  both,  on  being  replaced,  appear 
poflefled  of  that  Electricity  which  has  not 
been  taken  off. 

' » • 

Melted  wax,  poured  into  glafs,  or  wood, 
acquires  a Negative  Electricity,  and  leaves 
the  glafs  or  wood  Pofitive.  But  fealing- 
w ax  poured  into  fulphur,  acquires  a Pofi- 
tive EleCtricity,  and  leaves  the  fulphur 
Negative. 

G - , 

Chocolate,  frefh  from  the  mill,  as  it  cools 
in  the  tin  pans  in  which  it  is  received,  be- 
comes ftrongly  eleftrical;  when  turned  out 
of  the  pans,  it  retains  for  fome  time  this 
property,  but  loon  lofes  it  by  handling. 
Melting  it  again  in  an  iron  ladle,  and  pour- 
ing it  into  the  tin  pans  as  at  fix  ft,  will  for 
once,  or  twice,  renew  the  power;  but, 

when 
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when  the  mafs  becomes  very  dry  and  pow-* 
dery  in  the  ladle,  the  Electricity  is  revived 
no  more  by  limple  melting ; but  if  then  a 
little  olive  oil  be  added,  and  mixed  well 
with  the  chocolate  in  the  ladle,  on  pour- 
ing it  into  the  tin  pan,  as  at  firft,  it  will  be 
found  to  have  completely  recovered  its  elec-* 
trie  power 

Now  that  we  are  fpeaking  of  melted  Elec- 
trics, it  will  not  be  improper  to  obferve, 
that  it  fometimes  happens,  that  fome  elec- 
tric fubftances,  by  being  melted  and  left  to 
cool,  acquire  an  eledtrical  power,  which 
they  retain  for  a conliderable  time,  often 
for  months  together,  efpecially  if  they  be 
preferved  free  from  dampnefs  and  dud. 
Such  effedts  have  fometimes  induced  Elec- 
tricians to  think,  that  fome  bodies  are  pof- 
fefled  of  a permanent  or  perpetual  Eledtri- 
city,  which  is  as  inherent  in  their  fubftance 
as  the  magnetic  power  of  a loadftone : in 
truth,  however,  no  fuch  fubftance  has  yet 
been  found;  and  although  rofin,  fulphur, 

* The  above  remark  cn  chocolate,  together  with 
the  method  of  reftoring  its  power  by  means  of  olive 
oil,  is  a difeo  very  of  the  late  Mr,  W.  Henly,  F.  R,  S. 

amber, 

, > 
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amber,  filk,  and  fome  other  Eledtrics,  fhew 
figns  of  Electricity  for  a coniiderable  time 
after  they  have  been  rendered  eledtrical,  yet 
'their  power  is  continually  diminifhing  till 
it  quite  vanifhes.  It  is  remarkable,  how- 
ever, that  fulphur,  refmous  fubfhnces,  bi- 
tuminous fub fiances,  and  fiik,  retain  in 
general  the  eledtric  power  much  longer  than 
glafs,  or  any  other  Electrics ; the  reafon  may 
be,  that  they  do  not  Httradt  moifture  like 
glafs  and  other  fubftances,  or  perhaps  be- 
caufe  they  are  more  porous, 

* # ; 

✓ 

If  a flick  of  fealine-wax  be  broken  into 

o 

two  pieces,  the  extremities  that  were  con- 
tiguous will  be  found  eledlrified,  one  poii- 
lively,  and  the  other  negatively* 

* » 

The  property  of  exhibiting  eledtrical 
phenomena,  by  means  of  heating  and  cool- 
ing, was  firft  obferved  in  a hard  fcmi-pellu- 
cid  foffil,  known  under  the  name  of  Tour- 
malin This  done,  which  is  generally  of 

* This  Hone  is  called  afchehtrickker  by  the  Dutch, 
from  its  property  of  attracting  the  afhes,  when  laid 
near  the  fire.  Linnaeus  calls  it  lapis  elcffricus.  See 
his  Flora  Zeylonica, 


a deep 
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z deep  red  or  purple  colour,  and  feldom 
exceeds  the  fize  of  a fmall  walnut,  is  com-* 
mon  in  feveral  parts  of  the  Eaft  Indies, 
and  efpecially  in  the  ifland  of  Ceylon.  Its 
properties  in  regard  to  Electricity  are  the 
following : 

,,  * 

n The  Tourmalin,  while  kept  in  the 

fame  degree  of  heat,  thews  no  figns  of  Elec^ 
tricity,  but  it  will  become  eledlrical  by  in- 
creating  or  dim  in  idling  its  heat,  and  ftronger 
in  the  latter  than  in  the  former  circum- 
dance.  An  exceedingly  fmall  variation  of 
temperature  is  often  diffident  to- render  the' 
Tourmalin  fendbly  ele&ricab 

2.  Its  Electricity  does  not  appear  all  over 
its  furface,  but  only  on  two  oppodte  tides, 
which  may  be  called  its  poles,  and  they  are 
always  in  one  right  line  with  the  center 
of  the  ftone,  and  in  the  direction  of  its 
ftrata ; in  which  direction  the  done  is  ab- 
folutely  opaque,  though  on  the  other,  fe~ 
fiiitranlparent. 

♦ 

3.  Whilft  the  Tourmalin  is  heating,  one 
of  its  ftdes  ( cli ft i ng u i £he d by  A)  is  eledri- 
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ficd  plus,  and  the  other  fide  B,  minus.  But 
when  it  is  cooling,  A is  minus,  and  B is 
plus 

4.  If  it  be  heated,  and  fuffered  to  cool 
without  either  of  its  fides  being  touched, 
then  A will  appear  pofitive,  and  B nega- 
tive, all  the  time  of  its  heating  or  cooling. 

5.  If  this  ftone  be  excited  by  fridtion, 
like  any  other  Eledtric,  then  each  of  its 
fides,  or  both  at  once,  may  be  made  Pofitive. 

6.  If  the  Tourmalin  be  heated  or  cooled, 
upon  feme  other  infulated  body,  that  body 
will  be  found  electrified  as  well  as  the  ftone, 
and  pofiefied  of  the  Eledbricity  contrary  to 
that,  acquired  by  that  fide  of  the  ftone 
which  was  laid  upon  it. 

* From  this  law  may  be  eafiiy  deduced,  that  if  one 
fide  of  the  ftone,  in  feme  circumftance  or  other,  is 
growing  hot,  while  the  other  is  cooling,  then  both 
fides  will  appear  poflclTed  of  the  fame  electricity  at  the 
fame  time ; and  if  only  one  fide  changes  its  degree  of 
heat,  while  the  other  remains  the  fame,  then  the  for- 
mer fide  only  will  appear  electrified. 


Ths 
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j.  The  Eledricity  of  each  fide,  or  of 
both,  may  be  reverfed  by  heating  or  cool- 
ing the  Tourmalin  in  con  tad:  with  various 

fubftances : fo  if  it  is  cooled,  or  heated,  in 

7 : * \ 

contad  with  the  palm  of  the  hand,  that 
fide  of  it,  which  would  have  been  pofitive 
if  cooled  in  the  open  air,  is  now  negative  * 
and  that,  which  would  have  been  negative, 
is  now  pofitive. 

» 

8.  If  a Tourmalin  be  cut  into  feveral 
parts,  each  piece  will  have  its  pofitive  and 
negative  poles,  correlponding  to  the  pofitive 
and  negative  fides  of  the  done  from  which 
it  was  cut. 

9.  Thefe  properties  of  the  Tourmalin 
are  alfo  obfervable  in  vacuo,  but  not  fo 
firong  as  in  the  open  air. 

1 

10.  If  this  done  be  covered  all  over  with 
fome  eledric  fubftance,  as  fealing-wax,  oil, 
occ.  it  will  in  general  fhow  the  fame  ap- 
pearances with  this  coating,  as  without  it. 

11.  Mr.  William  Canton  obferved 
a very  vivid  light  to  appear  upon  the  Tour- 
malin, while  heating  in  the  dark  : he  can 

hY 
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by  this  determine,  which  end  of  the  ftond 
will  be  pofitive,  and  which  negative.  Fur- 
ther, when  the  ftone  is  ftrongly  excited,  it 
emits  very  ftrong  flafhes  from  the  pofitivd 
to  the  negative  end,  in  the  dark 

12.  In  the  lafl  place,  it  is  remarkable 
that  the  power  of  the  Tourmalin  is  fome- 
times  injured  by  the  adtion  of  a ftrong  fire, 
fometimes  improved,  and  fometimes  not  at 
all  affedted  by  it.  The  laws,  however,  of 
thefe  uncertain  effedts  have  nbt  yet  beer! 
ascertained; 

» *•  > * f 

Moft  of  the  above  properties,  which  were 
firft  obferved  of  the  Tourmalin,  and  thought 
peculiar  to  it  alone,  have  been  found  to  be- 
long to  feveral  hard  precious  ftones  ' they 
being  alio  made  eledtrical  by  heating  and 
cooling,  and  have  their  pofitive  and  nega- 
tive Tides,  laying  in  the  curediion  of  their 
firata  or  cryftals ; and,  in  Short,  as  far  as 

* The  Brazilian  emerald,  Mr.  Canton  has  obferved 
to  have  alfo  this  property  of  emitting  light,  whilft 
heating  in  the  dark : but  I imagine  that  every  other 
precious  Rone  will  fhew  it,  if  ics  electric  power  is 
fufficiently  ftrong;  lince  the  light  is  a confequence  of 
tb'e  paffage  of  a fufficient  quantity  of  electricity  through’ 
ffte  air,  of  other  partly  refilling  medium. 
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has  been  obferved,  they  have  been  found  to 
aft  exadtly  like  Tourmalins*  though  fome 
po  fiefs  this  property  in  a much  higher  de- 
gree than  others* 


The  other  method  of  producing  eleftri- 
city,  namely,  by  evaporation,  &c;  was  lately 
difcovered  by  Mr.  Volta  * and  it  feems  to 
Open  the  way  to  an  ample  field  of  fpecula- 
tion.  This  ingenious  philofopher  difco- 
vered that  the  evaporation  of  water,  and  of 
fome  other  fluids,  and  likewife  that  feveral 
effervefcences,  generated  eleftricity.  His 
experiments  feem  to  Ihew  the  generality  of 
the  following  law,  viz*  that  fluids,  or  bo- 
dies in  general,  when  reduced  in  the  form  of 
vapour,  become  eleftrified  pofitively,  and 
leave  the  bodies,  with  which  they  were  laffc 
in  contaft,  eleftrified  negatively ; but  on 
the  contrary,  when  the  vapours  are  condens- 
ed in  the  form  of  a fluid,  then  they  become 
eleftrified  negatively,  and  leave  thofe  bodies* 
with  which  they  were  laftly  in  contaft* 
eleftrified  pofitively.- — Farther  explanations 
and  exemplifications  of  this  principle  will 
be  found  in  the  praftical  part  of  , this  trea- 
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We  fliall  laftly  obferve,  in  this  chapter  of 
excitation,  that  whenever  an  Eledtricis  rub- 
bed with  another  infulated  fubftance,  al- 
though it  requires  an  eledtric  power,  and 
fhews  eledtrical  appearances,  yet  that  power 
is  very  weak  ; and  in  order  to  obtain  a con- 
fiderable  Eledtricity,  it  is  neceffary  that  the 
rubber  fhould  have  a regular  communication 
with  the  earth,,  by  means  of  good  Con- 
/ dudtors. 


C El  A P.  V. 

' v \ , < i 

Of  communicated  Electricity. 

IN  the  preceding  chapters  we  have  con- 
. iidered  Eledtricity  no  further  than  in  re- 
fpedt  to  its  quality ; we  have  remarked  the 
differences  between  the  Pofitiveand  the  Ne- 
gative, and  have  noted  which  bodies,  and 
by  what  means,  they  could  acquire  this  pro- 
perty.— But  now  a vaft  profpedt  is  opening 
to  our  view,  full  of  extraordinary  appear- 
ances ; and  we  are  to  confider  in  this  chap- 
ter,  not  the  mere  kind  of  Electricity,  but 
its  numerous  effects.  Under  the  title  oi 

Comniu- 
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Communicated  Electricity,  falls  alrnoft  all 
that  is  known  of  the  fubject ; the  paffage 
of  this  virtue  from  one  body  to  another  is 
what  cauxes  its  light ; by  being  communi- 
cated to  other  bodies,  we  fee  its  attraction; 
by  its  quick  tranlition  it  is  that  it  melts 
metals,  deftroys  animal  and  vegetable  life  ; 

\ T \ 

and,  in  fhort,  it  is  by  this  communicatioii 
that  the  fcience  is  at  all  known  and  culti- 

i 

vated.  In  order,  therefore,  to  prefer ve  per- 
fpicuity  and  diftindtion,  in  defcrib’ng  fuch 
a multitude  of  fadts,  I fhall  employ  more 
chapters  on  this  fubject,  and  arrange  in 
each  fuch  particulars  as  feem  molt  proper 
to  be  placed  together ; at  the  fame  time 
contriving  to  reduce  the  whole  into  as  few 
principal  heads  as  is  poffible,  without  con- 
fufion. 


Whenever  Eledtricity 


is  by  any  hieans 


* 


fuperinduced  on  a body,  it  is  there  con- 
fined only  by  Eledtrics,  and  remains  with 
that  body  a longer  or  a fhotter  time,  ac- 
cording as  the  Eledtrics  that  confine  it  are 
more  or  lefs  perfedt.  A glafs  tube,  for  in- 
Itance,  when  rubbed,  acquires  a quantity 
bf  that  power,  whatever  it  i$>  which  we  call 

D & Eledtricitys 
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Electricity.  That  Electricity  remains,  and 
is  perceivable  upon  the  glafs,  infomuch  as 
it  is  furrounded  by  the  air,  whicl^  is  an  Elec- 
tric; and  as  the  air  is  in  a more  or  lefs  per- 
fect electric  ftate,  fo  that  virtue  is  retained 
upon  the  glafs  longer  or  fhorter*;  and  be- 
caufe  the  air  is  never  a perfeCt  EleCtric,  there- 
fore the  excited  tube  can  never  preferve 
the  acquired  Electricity  perpetually,  but  is 
continually  imparting  fome  of  it  to  the  con- 
tiguous air,  or  to  the  conducting  particles 
that  float  in  that  element,  till  at  laft  it  quite 
lofes  its  power.  If  a finger,  or  any  other 

Conductor,  be  prefented  towards  an  excited 

« 

EleCtric,  it  will  receive  a fpark,  and  in 
that  fpark  part  only  of  the  Electricity  of  rhe 
EleCtric  ; but  why  not  all  ? Becaufe  the  ex- 
cited eleCtric,  being  a Non-conduCtor,  can- 
not convey  the  EleCtricity  of  all  its  furface 
to  that  fide,  to  which  the  Conductor  has 
been  prefented.  Hence,  if  a conducting 
fubftance  be  fucceffively  prefented  to  dif- 

* An  excited  glafs  tube,  if  kept  in  a dry  and  rather 
warm  place,  for  inftance,  at  fome  diftance  from  a 
good  fire,  will  continue  electrified  above  twenty 
hours. 

ferent 
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ferent  parts  of  an  excited  Eledtric,  jit  will 
receive  at  every  approach  a fpark,  without 
repeating  the  excitation,  till  all  the  power 
of  that  Eledlric  is  exhaufted,  and  then  a 
new  excitation  is  necefiary  in  order  to  re- 
vive it. 

s i • 

* 

fl  / . - 4 

Whenever  a Conductor  communicating 
with  the  earth  is  exhibited  at  a convenient 
diftance  to  an  excited  Eledlric,  it  acquires 
on  that  exhibited  fide  an  Electricity  con- 
trary to  that  poflefied  by  the  Electric  : this 
Electricity  increafes  the  nearer  it  is  ap- 
proached, and  at  laft,  as  there  is  an  eager  at- 
traction between  Pofitive  andNegative  Elec- 
tricity, the  Conductor  receives  a fpark  from 
the  Electric,  and  fo  the  balance  is  reftored. 
If  this  Conductor  do  not  communicate  with 
the  earth,  but  is  infulated,  and  approach- 
ed to  the  excited  Eledlric  as  before,  then 
not  only  that  fide  of  it  which  is  towards 
the  Eledlric,  but  the  oppofite  fide  alfo, 
will  appear  eledtrified;  with  this  difference, 
however,  that  the  fide,  which  is  expofed 
to  the  influence  of  the  Eledlric,  has  ac- 
quired an  Eledlricity  contrary  to  that  of 
the  excited  Eledlric,  and  the  oppofite  fide 

P 3 an 


an  EleCtricity  of  the  fame  kind  with  that  of 
the  EleCtric.  Thefe  two  different  Electri- 
cities of  the  Conductor  increafe  as  it  comes 
nearer  to  the  EleCfric,  and  at  laff,  the  for- 
mer receiving  a fpark  from  the  latter,  be- 
comes throughout  pofTeffed  of  the  fame 
Electricity  with  the  EleCfric  from  which 
it  has  received  the  fpark.  All  thefe  ef- 
fects will  happen  in  the  fame  manner,  if 
between  the  excited  Electric  and.  the  ap- 
proached Conductor  there  be  interpofed  feme 

other  eleCtric  fubftance  belides  air ; as,  fon 

'fc  » 

inftance,  a thin  plate  of  glafs,  rofin,  fealing- 
wax,  &c.  but  then  a fpark  can  never  come 
from  the  excited  EleCtric  to  the  Conductor, 
except  it  forces,  or  burfts  its  way  through 
the  interpofed  EleCtric,  as  it  always  does 
through  the  air.  This  difplacing  of  the 
air  is  what  caufes  the  nolle  that  attends  a 
fpark,  and  that  noife  is  more  or  lefs  loud 
in  proportion  to  the  quantity  of  Electricity, 
and  to  the  refinance  it  meets  with  in  its 
pudage. 


An  infulated  Conductor  having  received 

the  Eleftricity  from  an  excited  Eleftric  (in 

%/  » ' 

which  Hate  it  is  laid  to  be  ehcirijled  by 

t '*  . 

comma - 
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communication ) will  a 61  in  every  refpeCt 
like  the  excited  EleCtric  itfelf,  except  that, 
when  it  is  touched  by  another  Conductor 
communicating  with  the  earth,  the  for- 
mer gives  one  fpark  to  the  latter,  and  by 
that  difeharges  all  its  EleCtricity.  The 
reafon  why  an  electrified  Conductor  lofeth 
its  Eledtricity  all  at  once,  when  touched 
with  another  Conductor  communicating 
with  the  earth,  and  not  part  of  it  only,  like 
the  excited  EleCtric,  is,  becaufe  the  Elec- 
tricity belonging  to  the  whole  of  the  Con- 
ductor is  eafily  conducted  through  its  own 
fubftance,  to  that  fide,  to  which  the  other 
Conductor  is  prefen  ted  *.  Hence  it  appears 
that,  in  general,  the  EleCtricity  difeharged 
from  an  eleCtrified  Conductor  is  much  more 
powerful  than  when  difeharged  from  an 
EleCtric  j for  the  Conductor  may  acquire  a 
great  quantity  of  EleCtricity  from  an  Elec- 
tric, by  receiving  fpark  after  fpark,  and  af- 

* Th  is  proportion  muft  be  confidered  under  tome 
limitations,  arifing  from  various  circumltances;  for  in- 
(lance,  if  the  electrified  conductor  is  very  much  ex- 
tended, and  is  touched  with  an  imperfect  conductor, 
or  for  a very  fhort  time,  then  it  is  not  unlikely  that 
fome  eleCtricity  will  remain  in  it  even  after  the  fpark. 

D 4 terwards, 
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^ ✓ / 

terwards,  if  touched,  will  difcharge  it  all  at 
once,  and  not  by  little  and  little  as  it  was 
received* 

i * 

» 

. " , « » 

If  an  infulated  Conductor  be  touched 
with  another  Condudtor  eledlrified,  it  will 
acquire  part  of  the  Eledtricity  belonging  to 
the  eledlrified  Condudtor,  and  afterwards 
each  will  fhow  figns  of  it.  The  Eledtri- 
city in  this  cafe  will  not  always  be  equally 
divided  between  the  two  Condudtors,  nor 
will  it  keep  any  proportion  to  the  quantity 
of  matter  in  each  contained  but  will  ob- 
ferve  the  following  laws : 

' i ' * ' <r  ' • \ - 

1.  If  two  infulated  Condudtors,  that  in 
refpedt  to  their  external  furfaces  and  fitua- 
tions  are  equal  and  fimilar,  and  both,  or 
only  one  eledlrified,  are  touched  together, 
the  Eledtricity  will  be  equally  divided  among 
them. 

2.  If  their  furfaces  are  equal  and  difiir 
milar,  as,  for  instance,  a fquare  foot  of  tin 
foil  in  one  piece,  and  another  fquare  foot  of 
it  cut  in  a long  llip,  then  that  body,  whofe 

4 furface 

/ '■ 
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fiirface  has  a greater  extenfion,  will  acquire 
more  Electricity  than  the  other. 

3.  If  their  furfaces  are  unequal  and  diffi*- 
milar,  the  Electricity  that  each  acquires 
after  the  contact,  feems  pretty  clear  from 
experiments,  and  in  confequence  of  the 
above  two  laws,  to  be  in  a compound  pro^ 
portion  of  their  furfaces,  and  the  extenftons 
of  the  fame.  * 

4.  Laftly,  if  one  of  two  equal  and  fiml- 
lar  conductors  lies  with  its  lurface  conti-^ 
guous  to  an  imperfect  conductor,  and  the 
other  is  only  contiguous  to  the  air,  then 
the  former  will  acquire  a greater  quantity 
of  Electricity  than  the  latter.  But  this  pro- 
perty is  fubject  to  certain  limitations,  which, 

to  prevent  confufion,  will  be  mentioned  in 

* \ \ 

the  practical  part. 

The  electric  fpark  (/.  e,  a feparate  quan« 
tity  of  Electricity)  will  go  a greater  or  lefs 
diitance  through  the  air,  in  order  to  reach 
a Conductor,  according  as  its  quantity  is 
greater  or  lefs  ^ as  the  parts  from  which  it 

flics 
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flies  off,  and  on  which  it  flrikes,  are  more 
(harp  or  more  blunt,  and  as  the  Conductor 
is  more  or  lefs  perfeCt.  The  noife  toge- 
ther, and  the  light  with  which  the  fpark 
is  attended,  is  greater  or  lefs,  according 
as  the  Electricity  is  greater  or  lefs  3 as  the 
parts  from  which  it  flies,  and  on  which  it 
ftrikes,  are  more  blunt  or  more  fbarp  3 and 
as  the  Ccndudtor  is  more  or  lefs  perfeCt* 
Thus,  lor  inftance,  a tharp-pcinted  body 
Will  throw  off  EleCtricity  to,  and  receive  it 
from*  a greater  diftance,  than  a body  of  any 
Other  ihape;  but  then  that  paffage  occafions 
no  noife,  and  is  attended  with  little  light < 
for,  in  this  cafe,  the  EleCtricity  does  not 
come  in  a feparate  large  body,  but  by  little 
and  little,  or  rather  by  a continued  ftreat.ru 
If  a pointed  wire  be  concealed  in  a glafs 
tube,  which  projects  a fhort  way  beyond  it, 
or  if  it  be  covered  with  tallow,  bees -wax* 
fulphur,  &c.  then  it  will  take  a ftrong  fpark, 

from  an  electrified  Conductor* 

• » 

* 

It  is  remarkable,  in  the  Cafe  of  points 
throwing  .oft  or  receiving  EleCtricity,  that 
a current  of  air  is  Tenable  at  an  electrified 

point, 
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point,  which  is  always  in  the  direction  of 
the  point,  whether  the  Electricity  is  poll-? 
tive  or  negative. 

4 

The  electric  fpark,  takeg  upon  any  part 
of  a living  animal  body,  caufeth  a difagree- 
able  fenfation,  which  is  more  or  lets  trou- 
blefome,  as  the  fpark  is  ftronger  or  weaker, 
and  the  part,  upon  which  it  is  taken,  is 
more  or  lefs  delicate  ; and  alfo  according  to 
the  particular  copftitution  of  individuals. 

A pretty  large  quantity  of  Electricity 
pervades  the  fubftance  of  a Conductor  of  a 
confiderable  length,  with  a furprifing  and 
imperceptible  velocity;  but  a hnall  quan- 
tity of  it  has  been  found  to  take  fome  little 
time  in  palling  through  a long,  and  lefs 

perfect,  Conductor. 

» ■ \ 

s I 

Bodies  poiTelfed  of  the  fame  Electricity, 
whether  pofitive  or  negative,  repel  each 
other.  But  bodies  pofieffed  of  different 
Electricities,  attract  each  other ; and  there 
is  no  eletric  repulfion,  but  between  bodies 
polTefied  of  the  fame  Eletricity ; nor  eletric 

attration. 


44  ^ Complete  Treatise 

attraction,  but  between  bodies  poffefled  of 
different  Electricities,  u e . between  bodies 
pofitively  and  bodies  negatively  electri- 
fied*. '(  ' 

4 

EleCtricity,  ftrongly  communicated  to  in- 
fulated  animal  bodies,  quickens  their  pulfe, 
and  promotes  their  perfpiration.  If  it  be 
communicated  to  infulated  fruits,  fluids, 
and  in  general  to  every  kind  of  bodies  that 
are  actually  in  a ftate  of  evaporation,  it  alfo 
increafes  that  evaporation ; and  that  in  a 
greater  or  lefs  degree,  as  thofe  bodies  are 
more  or  lefs  fubjeCt  to  evaporate  of  them- 
felves;  as  the  veifels,  that  contain  the  fame, 
are  Conductors  or  EleCtrics  j and  as  they 

* This  law,  /.  e . that  there  is  no  eleCtric  attraction, 

\ 

except  between  bodies  poffefled  of  different  EleCtriei- 
ties,  will,  perhaps,  appear  paradoxical,  upon  obferving, 
that  an  excited  Electric  attracts  fmall  bodies,  which 
never  were  by  any  means  made  eleCtrical  before ; but 
the  paradox  will  foon  vanifli,  if  what  has  been  faid 
above  be  conffdered,  /.  e.  that  when  Conductors,  and 
indeed  Electrics  too,  come  near  an  electrified  body, 
they  become  actually  poffefled  of  a different  EleCtricity. 
But  th  is  will  appear  much  clearer  from  the  experi- 
ments that  are  tQ  be  mentioned  hereafter. 


have 
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have  a greater  or  lefs  furface  expofed  to  the 
open  air 

. By  increafing  the  perfpiration  of  vegeta- 
bles, Eledlricity  promotes  their  growth;  it 
having  been  found,  after  feveral  accurate 
experiments,  that  fuch  plants,  which  have 
been  often  and  long  eledtrified,  have  fhewed 
a more  lively  and  forward  appearance,  than 
others  of  the  fame  kind  that  were  not  elec- 
trified •f'. 

»•. ..  1 ; 

When  Eledlricity  is  communicated  to  in- 
fulated  veffels,  containing  water  that  is  ac- 
tually running  from  a pipe,  the  effedts  will, 
as  far  as  may  in  grofs  be  deduced  from  expe- 
riments, obferve  the  following  laws  : 

* Although  it  has  been  by  Tome  pretended,  that 
Electricity  caufed  feveral  fubftances  to  evaporate 
through  the  pores  of  glafs  and  metals,  yet  that  could 
never  be  obferved,  though  many  accurate  experiments 
were  made  for  that  purpofe : befides,  this  pretended 
evaporation  feems  on  all  accounts  exceedingly  impro« 
table. 

f It  is  faid  by  Mr.  Koestlin  to  have  been  found, 
that  negative  electrization  retards  both  animal  and  ve- 
getable life.-— See  his  Latin  Diflertation  on  the  effects 
•f  EleCtricity  up©n  fame  organic  bodies. 


" 1.  The 


“ I • The  eledtrifted  ‘ftream,  though  it 
u divides,  and  carries  the  liquid  further,  is 
“ neither  fenlibly  accelerated  nor  retarded, 
u when  the  pipe  through  which  it  iffues  is 

i.  1 

“ not  lefs  than  a line  in  diameter; 

**  f i 

- k.  j.  . . • 

€f  2.  Under  this  diameter,  if  the  tube  ii 
“ wide  enough  to  let  the  liquid  run  in  a 
“ continued  ftream,  Eledtricity  accelerates 
<c  it  a little,  but  lefs  than  a perfon  would 
<€  imagine,  if  he  judged  by  the  numbers  of 
“ jets  which  are  formed,  and  by  the  dif- 
u tance  to  wiiicli  they  go. 

*'  f l N 

“ 3.  If  the  tube  be  a capillary  one,  from 
“ which  the  water  only  drops  naturally,- 
u the  eledtrified  jet  not  only  becomes  a 
ic  continued  ftream,  and  even  divided  into 
“ feveral  ftreams,  but  is  alfo  confiderably 
ic  accelerated ; and  the  fmaller  the  capil- 
u lary  tube  is,  the  greater,  in  proportion, 
i(  is  the  acceleration. 

.*  . , < 1 

“ 4.  So  great  is  the  effect  of  the  eledtric 

virtue,  that  it  drives  the  water  in  a con- 
iC  ftant  ftream  out  of  a very  fmall  capillary 
“ tube,  out  of  which  it  had  not  before  been 

*'  <A  ,, 

“ able  even  to  drop/' 

§ • Th<4 
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The  electric  power  has  been  found  not 

to  be  affected  by,  or  to  affedt,  the  magnetic- 

virtue  of  a loadftone ; neither  is  it  affedted 

by  heat  or  cold ; fince  an  iron  bar  made 

red-hot,  or  any  conducting  fubftance  hard 

frozen,  when  electrified,  attracts,  repels, 

gives  fparks,  &c.  nearly  in  the  fame  manner 

as  in  its  natural  temperature.  Electric  at- 

* 

tradtion  is  obferyable  alfo  in  vacuo,  and 
eledtric  fubftances  . may  alfo  be  excited  in 
the  vacuum  of  an  air-pump  ; but  both  in  a 
degree  decreafing  in  proportion  to  the  rare- 
fadtion 

. \ 

Laftly,  we  fhall  conclude  this  chapter 
with  remarking,,  that  if  the  face,  or  anv 
part  of  the  body,  be  prefented  to  an  ex- 
cited Eledtric,  or  to  a Condudtor  ftrongly 
eledtrified,  it  will  feel  as  if  a wind  was 
blowing,  or  rather  as  if  a fpider’s  web 
was  drawn  over  it;  alfo,  if  the  noftrils 
are  prefented  to  an  excited  Eledtric,  they 
will  be  affedted  by  a fmell,  much  refembling 

* This  has  been  lately  inveftigated  by  feveral  new 
experiments,  fot  which  fee  the  laft  part  pf  this  work. 
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that  of  phofphorus  5 but  communicated 
Eledtricity  does  not  occafion  any  fuch  fen- 
fation,  except  when  a large  quantity  of  it 
does  fuddenly  pafs  from  one  body  to  ano- 
ther. If  bodies  are  kept  for  fome  time 
within  the  eledtric  effluvia  when  ftrong, 
they  will  retain  the  fmell  that  they  acquire 
for  a confiderable  time  after. 


CHAP.  VI. 

«-  *' 

Of  'Electricity  communicated  to  Electrics* 

* . * • » 

\ 

AS  the  Eledtric  virtue  can  be  fuperin- 
duceff  on  Conductors  by  communi- 
cation, fo  may  it  alfo  be  communicated  to 
Eledtric  s : the  difference  however  is,  as 
might  be  expedted,  very  remarkable ; for 
when  one  fide  of  a Condudtor  is  prefented 
to  an  eledtrified  body,  the  Eledtricity  will 
inftantly  pervade  its  whole  fubltance,  on 
account  of  its  condudting  nature  * whereas, 
when  an  Eledtric  is  prefented  to  another 
Eledtric  excited,  or  to  an  eledtrified  Con- 
dudtor, it  will  with  fome  difficulty  acquire 

any 
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any  EleCtricity,  becaufe  its  fubftance  is 
impervious  to  that  virtue ; and  in  order  to 
make  it  acquire  fome,  it  muft  be  feveral 
times,  and  in  different  parts,  touched  with 
the  electrified  body.  That  it  is  as  difficult 
to  deprive  an  EleCtric  of  its  acquired  Elec- 
tricity, as  it  is  to  fuperinduce  it  on  its  fur- 
face,  I think  might  eafily  be  fuppofed ; for 
the  very  fame  quality,  which  caufeth  it  to 
acquire  that  power  flowly  (namely  its  being 
a Non-conduCtor)  makes  it  alfo  part  with 
it  flowly ; and,  in  order  abfolutely  to  de- 
prive the  EleCtric  of  its  acquired  Electri- 
city, it  muft  be  touched  feveral  times,  and 
in  almoft  every  part  of  its  furface,  with 
fome  conducting  fubftance* 

* 1 

In  the  preceding  chapter  we  obferved, 
that  when  an  infulated  Conductor  is  pre- 
fented  to  an  electrified  body,  it  acquires* 
on  the  part  neareft  to  that  body,  a contrary 
EleCtricity ; and  on  the  oppofite  part,  an 
EleCtricity  of  the  fame  kind  with  that  of 
the  electrified  body ; we  alfo  obferved, 
that  thefe  two  Electricities  increafe,  as  the 
Conductor  comes  near  to  the  electrified 
body,  and  that  when  the  Conductor  is  ar- 

E rived 
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rived  within  the  ftriking  diftance  of  that 
body,  a quantity  of  Eledtricity  flies  off  from 
the  latter;  forces  its  way  through  the  in- 
termediate air ; and,  ftriking  upon  the  for- 
mer, renders  it  throughout  pofTeffed  of  the 
fame  Eledtricity.  Thcfe  effedts  are  in  a 
certain  degree  alfo  obfervable,  when  an 
Eledtric,  inftead  of  a Condudtor,  is  pre- 
ferred to  an  eledtrified  body  ; for  the  Elec- 
tric will  alfo  acquire,  on  different  fldes, 
contrary  Eledtricities : thefe  Eledtricities  in- 
creafe,  as  the  diftance  decreafes;  but  if  at 
laft  a fmall  quantity  of  Eledtricity  is  com- 
municated to  one  part  of  the  Eledtric,  that 
Eledtric  will  not  become  throughout  poffef- 
fed  of  one  Eledtricity,  but  will  ftill,  in  fome 
cafes,  fliew  different  Eledtricities  on  differ- 
ent fides ; and  in  fome  circumftances,  many 
repeated  changes  from  politive  to  negative 
Eledtricity  may  be  obferved  upon  the  fame 
Eledtric,  as  will  appear  from  the  following 
experiment;  which,  however,  though  men- 
tioned by  fome  very  refpedtable  philofophers 
and  eledtricians,  yet  I muft  confefs  that  it 
fucceeds  very  feldom,  if  ever,  clearly. 

If 
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If  the  end  of  a pretty  long  glafs  tube  be 
prefented  to  a body  electrified,  for  inftance 
pofitively,  the  tube  will  be  found  electri- 
fied pofitively  alfo  for  the  fpace  of  one  or 
two  inches  at  that  end ; but,  beyond  that 
fpace,  will  be  found  two  or  three  inches 
electrified  negatively ; after  that,  another 
pofitive  EleCtricity  will  appear  ; and  fo, 
alternately,  a pofitive  and  a negative  zone 
will  follow  one  another,  always  weaker 
and  weaker  in  power,  till  at  la  ft  they  quite 
vanilh*.  Now  the  caufe  of  thefe  effeCts 
is  always  to  be  deduced  from  the  two 
above-mentioned  principles,  /.  e.  the  non- 
conducting quality  of  an  EleCtric,  and  the 
properties  of  bodies  in  general  to  acquire  an 
EleCtricity  contrary  to  that  poflefied  by 
another  contiguous  electrified  body : fo,  in 
the  above  experiment,  that  end  of  the 
tube  which  was  prefented  to  the  body  elec- 
trified pofitively,  before  it  received  any 
EleCtricity  from  that  body,  appeared  ne- 
gative on  the  part  prefented  to  it;  but,  af- 
ter it  had  received  fome  EleCtricity,  ap~ 
* \ ■ 

* See  Priestley’s  Hitt,  of  Elect,  Pen  X*  Se&.  v, 
2nd  i^Epini  Tentamen,  p.  192. 
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peared  to  be  pofitive  no  further  than  that 
Electricity  could  be  fpread  over  its  furface; 
but  beyond  that  place  a part  of  the  tube 
appeared  to  be  negative,  on  account  of  its 
contiguity  to  the  part  electrified  pofitively ; 
'after  that,  another  place  appeared  to  be 
pofitive,  becaufe  of  its  contiguity  to  the 
part  electrified  negatively,  and  fo  of  the 
fubfequent  changes  ; and  the  pofitive  Elec- 
tricity of  one  part  of  the  tube  cannot  mix 
with  the  adjoining  negative  part,  fo  as  to 
prevent  thele  appearances,  becaufe  the  non- 
conducting quality  of  the  glafs  will  always 
hinder  fuch  an  effeCt  from  taking  place. 

If  to  one  fide  of  an  EleCtric  fufficiently 

thin,  as  for  inftance  a pane  of  common 

» 

window-glafs,  a plate  of  fealing-wax,  &c. 
be  communicated  one  EleCtricity,  and  to 
the  oppofite  fide  be  communicated  the  con- 
trary, that  plate  in  that  cafe  is  faid  to  be 
charged,  and  the  two  Electricities  can  ne- 
ver come  together,  except  a communica- 
tion of  conducting  fubftances  be  made  be- 
tween both  tides,  or  the  EleCtric  be  broken 
by  the  power  of  eleCtric  attraction.  When 

the  two  Electricities  of  a charged  EleCtric 

are 
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are  by  any  means  united,  and  therefore 
their  power  deftroyed,  that  Electric  is  then 
faid  to  be  difcharged , and  the  a <t  of  union 
of  thefe  two  oppofite  powers  is,  for  a rea- 
fon  hereafter  to  be  mentioned,  called  the 
eledlric  Shock . 

In  order  to  avoid  the  difficulty  of  com- 
municating Electricity  to  an  electric  plate, 
it  is  cuftomary  to  coat  the  fides  of  it  with 
fome  conducting  fubftance,  as  tin-foil,  gilt 
paper,  &c.  by  which  means  the  charging 
and  difcharging  becomes  very  eafy ; for 
when  the  Electricity  is  communicated  to 
one  part  of  the  coating,  it  is  immediately 
fpread  through  all  the  parts  of  the  Electric 
that  are  in  contact  with  that  coating ; and 
when  the  Electric  is  to  be  difcharged,  it  is 
fufficient  to  make  a conducting  communica- 
tion between  the  coatings  of  both  fides,  in 
order  to  difcharge  entirely  the  Electricities 
of  that  Electric, 

It  will  be  readily  underflood  why  the 
coatings  of  both  fides  of  an  Electric  fhould 
not  come  very  near  one  another  towards  the 
edge  of  the  plate,  for  then  a communica- 

E 3 tion 
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tion  between  the  fame  coatings  is  ready  at 
hand ; and  although  they  do  not  abfolutely 
touch  one  another,  yet*  when  they  are  elec- 
trified, the  Eledtricity  will  ealily  force  a 
paffage  through  the  air,  and,  by  palling 
over  the  furface  of  the  Eledtric  from  one 
coating  to  the  other,  renders  it  incapable  of 
receiving  any  charge 

By  means  of  charged  Eledtrics,  we  may 
fee  a difplay  of  the  greateft  powers  of  Elec- 
tricity ; we  can  accumulate  this  power,  and 
ufe  it  advantageoully  in  different  experi- 
ments. By  confidering  the  properties  of  a 
charged  Eledlric,  we  become  further  and 
better  acquainted  with  this  fcience*  than 
by  any  other  means  ; and  for  the  enumera- 
tion of  thefe  properties  the  following  chap- 
ter is  employed, 

* The  property  of  conducting  the  Electricity  over 
their  furface  is  fo  remarkable  in  fome  kinds  of  glafs, 
that  they  are  on  this  account  abfolutely  unfit  for  the 
purpofe  of  charging  and  difcharging. 
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CHAP.  VII. 

Of  charged  Electrics,  or  the  Leyden  PhiaL 

IF  a glafs  plate,  whether  fmooth  or 
rough,  be  coated  with  fome  conducting 
fubftance  on  both  fides,  fo  that  the  coatings 
do  not  come  fo  very  near  the  edge  of  the 
glafs,  as  to  render  it  unfit  to  be  charged, 
and  if  to  one  of  thofe  coatings  be  communi- 
cated fome  EleClricity,  the  other  coating, 
while  communicating  with  the  earth,  or 
with  a fufficient  quantity  of  conducting  bo- 
dies, acquires  by  itfelf  an  equal  quantity 
of  the  contrary  EleCtricity ; but  if,  whilfi: 
one  fide  is  acquiring  EleCtricity,  the  oppo- 

fite  fide  does  not  communicate  with  the 

1 * 1 

earth,  or  with  a fufficient  quantity  of  con- 
ducting fubftances,  the  glafs  cannot  be 
charged*.  Now  the  reafon  why,  when  one 
fide  of  the  glafs  is  receiving  one  EleCtricity, 
the  oppofite  fide  acquires  the  other,  is  the 

1 

* Stri&ly  fpeakrng,  the  glafs  in  this  cafe  will  be 
charged  a little,  becaufe  the  air  which  is  contiguous 
to  its  coating  is  not  a perfect  Non-condudlor. 

E 4 ' 
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fame  as  obferved  in  the  preceding  chapter* 
i.  e.  the  property  of  bodies  to  acquire  an 
Electricity  contrary  to  that  poffeffed  by  a 
contiguous  eleCtrified  body ; and  the  caufe, 
that  hinders  thefe  two  Electricities  from 
mixing  together,  is  the  interposition  of  the 

1 

glafs  plate,  which  is  impermeable  to  Elec- 
tricity * ; but  if  the  charge  is  too  high,  and 
the  glafs  plate  too  thin,  then  the  great  at- 
traction between  the  two  different  Elec- 
tricities, forces  a paffage  through  the  glafs, 
difcharges  it,  and  renders  it  unfit  to  receive 
another  charge. 

Thefe  effects  happen  in  the  fame  manner 
if  the  glafs  be  not  in  the  form  of  a plate, 

* This  remarkable  property  of  Electricity  was  firft 
fatisfadtorily  obferved  (though  not  originally  difcover- 
ed,  as  we  have  already  taken  notice  of  in  the  Introduc- 
tion) at  Leyden,  with  a bottle  containing  fome  water, 
which  ferved  for  the  infide  coating,  and  the  unde- 
fined anplication  of  the  hands  on  the  outfide  ferved 
for  another  coating.  A bottle  coated  on  the  infide 
and  outfide  for  the  purpole  of  being  charged,  has 
from  thence  been  called  the  Leyden  Phial , otherwife 
an  eleStric  Jar ; and  the  charging  and  difchargrng,  in 
general,  of  coated  glafs,  has  been  called  the  Leyden 
Experiment . 
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but  in  any  other  fhape  whatfoever,  provide 
ed  it  be  fufficiently  thin  ; it  being  not  the 
form,  but  the  thicknefs  of  the  glafs,  that 
makes  it  more  or  lefs  fit  to  be  charged  : and 
the  thinner  it  is,  the  greater  charge  it  is 
capable  of  receiving;  for  the  ftronger  in 
proportion  is  the  power  of  the  Eledricity 
of  one  fide,  to  caufe  a contrary  Eledricity 
$n  the  oppofite  fide. 

How  thick  a glafs  plate  or  other  Eledric 
fhould  be,  to  become  incapable  of  being 
charged,  hath  not  yet  been  afcertained, 

A coated  glafs  is  capable  of  holding  a 
greater  charge  in  condenfed  th^n  in  rarefied 
air,  or  even  than  when  charged  under  the 
ufual  preffure  of  the  atmofphere. 

If  a coated  glafs  plate,  or  phial,  after 
being  charged,  be  infulated,  and  only  one 
of  its  fides  be  touched  with  fome  Con-* 
dudor,  that  fide  will  not  part  with  its 
Eledricity,  becaufe  the  Eledricity  of  one 
fide  exifts  in  confeqqence  of  the  contrary 
Eledricity  on  the  oppofite  fide,  and  both, 
by  their  mutual  attradion,  confine  one 

another 
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another  upon  the  furface  of  the  glafs.  In 
order  therefore  to  difcharge  that  glafs,  both 
its  coatings  mull  be  touched  at  the  fame 
time,  and  connected  with  the  earth : or  by 
means  of  fome  Conductor  a communication 
mud:  be  made  between  them ; and  in  this 
cafe  the  difcharge  is  faid  to  be  made  through 
that  Conductor. 

When,  in  order  to  difcharge  a jar,  one 
of  its  coatings  is  touched  lirft  with  a Con- 
ductor, as,  for  inftance,  with  one  end  of  a 
chain,  nothing  very  particular  in  that  cafe 
will  appear*;  but  as  foon  as  the  other  end 
of  the  chain  comes  within  a fufficient  dis- 
tance of  the  other  coating,  a fpark  will  be 
feen  between  the  end  of  the  chain  and  that 
coating,  accompanied  with  a noife,  &c.  juft 
as  when  an  excited  EleCtric,  or  an  electri- 
fied Conductor,  is  made  to  communicate 
with  another  Conductor;  but  the  power, 

* If  one  coating  of  a charged  jar  communicates  with 
the  earth,  while  the  other  coating  is  expofed  to  the  free 
air  for  fome  time,  the  charge  of  that  jar  will  be  filently 
and  gradually  difiipated  ; for  while  the  Electricity  of 
one  fide  goes  to  the  earth,  the  Electricity  of  the  other 
is  communicated  to  the  air,  which,  as  we  ©bferved  be- 
fore, is  never  a perfect  EleCtric. 
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the  light,  and  the  report  is  in  general  much 
greater  than  that  of  a fpark  taken  from  a 
body  fimply  electrified. 

If  the  communication  between  the  two 
fides  of  a charged  jar  be  made  by  impel- 
fed:  Conductors,  as  a {lender  piece  of  wood, 
a wet  packthread,  &c.  the  difcharge  will  be 

made  filently  and  without  explofion. 

/ * 

It  is  remarkable,  that  the  fpark  occafioned 
by  the  difcharge  of  charged  EleCtrics,  al- 
though it  is  more  denfe,  more  powerful, 
and  makes  a greater  report,  yet  is  not  fo 
long  as  the  fpark  drawn  from  an  eledtrified 
Condudtor. 

When  the  difcharge  of  a jar  is  made 
through  the  body  of  a living  animal,  it  oc- 
cafions  a fudden  motion,  by  contracting  the 
mufcles  through  which  it  paffes,  and  gives 
a difagreeable  fenfatiOn ; for  which  reafon, 
the  effedt  of  difcharging  an  eledtric  jar  has 
been  generally  called  the  clettric  Shock . 
This  fhock  is  more  fenfibly  felt  by  fome 
peafons  than  by  others,  and  it  is  faid  that 
fome  are  not  at  all  affeCted  by  it. 


The 
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The  force  of  the  electric  fhock,  occa- 
lioned  by  glaifes  of  the  fame  thicknefs,  is 
greater  or  lets  in  proportion  to  the  quantity 
of  coated  furface,  and  the  height  of  the 
charge.  Upon  this  principle,  the  power 
of  the  faid  fhock,  by  increafing  the  quan- 
tity of  coated  glafs,  may  be  augmented  at 
pleafure,  provided  means  be  ufed  powerful 
enough  to  charge  it. 

A number  of  coated  jars  connected  toge- 
ther in  fuch  manner  that  their  whole  force 
may  be  united,  and  act  like  one  jar,  confti- 
tutes  what  is  called  an  electrical  Battery . 
This  battery  is  the  moil  formidable  and 
entertaining  part  of  an  electrical- apparatus, 
and  by  its  ufe  many  wonderful  effects  are 
produced  > — but  as  the  performing  of  thefe 
belongs  rather  to  the  practical,  than  to  the 
prefent  part  of  this  Treatife,  I fhall  only 
enumerate  them  in  this  place,  and  referve 
further  particulars  for  the  third  part  of  this 
work. 

' f < ] * 

0 

In  making  the  difcharge  of  an  eleCtric 
jar,  it  is  furprifing  to  obferve  with  what 
quicknefs  the  Electricity  performs  the  cir- 
cuit 
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cult  from  one  fide  of  the  glafs  to  the  other* 
It  has  been  found  to  employ  no  perceivable 
time  in  going  through  a ConduXor  of  feve- 
ral  miles,  which  connected  the  two  coat- 
ings of  a phial 

The  force  and  noife  of  an  eleXric  fhock 
is  not  affeXed  by  the  inflexions  of  the 
ConduXor,  through  which  it  goes,  but  it 
is  fenfibly  weakened  by  its  length;  hence, 
when  the  circuit,  /.  e.  the  communication 
between  the  two  fides  of  the  eleXric  phial, 
is  made  by  one  perfon  touching  one  fide 
with  one  hand,  and  the  oppofite  fide  with 
the  other,  the  fhock  is  ftronger  than  when 
the  circuit  is  formed  by  many  perfons  to- 
gether joining  hands. 

\ * 

That  the  EleXricity  finds  fome  obftruc- 
tion  in  going  through  even  the  bell  Con- 
duXors,  appears  evident  from  this,  that  in 
fome  cafes  it  will  prefer  a fhort  pafiage 
through  the  air,  to  a long  one  through 
ConduXors,  even  the  mod  perfeX.  This 
obftruXion  is  greater  in  thofe  places,  where 
the  ConduXors,  forming  the  circuit,  do  not 

! Pkisstiey’s  Hid,  of  Ele&  Per,  VIII,  SeX.  ii. 

lie. 
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lie  in  perfect  contact ; and  if,  the  circuit 
being  compofed  of  Conductors  of  different 
natures,  the  EleCfricity  be  obliged  to  pafs 
from  one  Conductor  to  another  lefs  perfeCt, 
the  obftruCtion  is  ftill  greater.  If  a ftnall 
interruption  of  the  circuit  be  made  in  wa- 
ter, on  making  the  difcharge  (notwith- 
ftanding  that  the  water  is  a Conductor)  a 
fpark  will  be  feen  in  it,  which  never  fails 
to  agitate  the  water,  and  often  breaks  the 
veffel  that  contains  it. 

A ftrong  fhock,  fent  through  an  animal 
or  a plant,  puts  an  end  to  animal  as  well 
as  to  vegetable  life.  If  the  circuit  be  in- 
terrupted by  one  or  more  EleCtrics,  or  im- 
perfeCt  Conductors,  of  a moderate  thick- 
nefs,  the  eleCtric  fhock  will  break  them, 
and  in  fome  circumftances  difperfe  them  in 
every  direction,  and  in  fuch  manner  as  if 
the  force  proceeded  from  the  center  of  every 
one  of  the  interpofed  bodies  *. 


* In  feveral  inflances  the  effect  of  a (hock  upon  an 
interpofed  body  is  evidently  greater  on  that  fide  of  it 
which  communicates  with  that  coating  of  the  jar  or 
battery,  that  is  poflefFed  of  the  pofitive  Electricity.  But 
of  this  more  will  be  faid  hereafter. 
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A ftrong  fhock,  fent  through  a flender 
piece  of  metal,  makes  it  inftantly  red-hot, 
melts  it,  and,  if  the  fufion  is  perfect,  re- 
duces it  into  globules  of  different  magnitudes. 
If  the  metal  be  inclofed  between  pieces  of 
glafs,  the  fhock,  by  melting  it,  will  force 
it  into  the  fubftance  of  the  glafs,  fo  that 
afterwards  it  cannot  be  taken  off  without 
fcraping  part  of  the  glafs  with  it.  In  this 
experiment  the  glaffes  are  fhattered  to 
pieces,  and  it  is  feldom  that  they  refill  the 
force  of  a flrong  fhock. 

If  the  glaffes,  inclofing  the  metal,  be 
preffed  by  heavy  weights,  then  a remarkable 
fmall  fhock  is  capable  often  not  only  to 
raife  the  weight,  but  to  break  fuch  thick 
glaffes,  that  otherwife  require  the  force  of 
a large  battery.  Thick  pieces  of  glafs  may 
be  alfo  broken  into  innumerable  fragments, 
by  only  fending  a fhock  over  a fmall  part 
of  their  furface,  which  is  preffed  by 
weights,  without  the  interpofition  of  any 
metal.  When  thefe  pieces  of  glafs  are  not 
broken,  they  are  marked  by  the  explofion 
with  the  mofl  lively  prifmatic  colours, 
which  lie  fometimes  confufed,  and  fome- 
• 4 times 
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times  in  their  prifmatic  order.  The  colour- 
ed fpot  is  evidently  formed  by  thin  plates  or 
fcales,  in  part  feparated  from  the  furface  of 
the  glafs ; and  it  generally  occupies  thd 
fpace  of  about  one  inch  in  length,  and  half 
an  inch  in  breadth. 

# ■> 

In  melting  wires  of  the  fame  metal  by 

the  eledtric  fhock,  it  muft  be  obferved,  that 

» 

the  forces  required  for  that  purpofe  mufc  be 
greater  or  lefs,  according  as  the  lengths  or 
thicknelfes  of  the  wires  are  greater  or  lefs  i 
but  they  are  far  from  bearing  any  dire  (ft 
proportion  to  the  quantity  of  metal ; for  if 
a wire  of  a given  length  and  diameter  be 
barely  melted  by  a large  battery,  a wire  of 
equal  length,  and  twice  the  fubftance,  would 
perhaps  take  ten  fuch  batteries  to  produce 
the  fame  effecft  upon  it* 

When  a moderate  fhock*  is  lent  throuo-ft 

O 

an  imperfeft  metal  (efpecially  if  the  circuit 
be  formed  by  leveral  pieces,  as  by  a chain), 
a black  duft,  in  the  form  of  fmoke,  will  be 

* By  a moderate  fhock  here,  I mean,  one  that  is  not 
able  to  melt  the  metal  through  which  it  pafles.  ' 
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feen  to  proceed  from  the  mctal>  which  is 
thought  to  be  fome  of  the  metal  itfeif  partly 
calcined,  and,  by  the  violence  of  the  explo- 
fion,  forced  from  it. 


If  fiich  circuit,  or  part  oi  it,  be  laid  upon 

» * • 1 

a piece  of  paper,  glafs,  or  other  Non-con- 
dudtor,  this,  after  the  explohon,  will  be 
found  ftained  with  fome  indelible  marks, 
and  often  fhew  evident  figns  of  having  been 
burnt.  A long  and  permanent  track  may 
be  marked  upon  glals,  and  fome  other  bo- 
dies, by  the  eledtric  explofion,  if  the  in- 
terruption of  the  circuit  be  made  upon  its 
fur  face. 


What  is  more  remarkable,  in  confiderins: 

' 1 O 

the  effects  of  Electricity  on  metals,  is,  that 
it  revivifies  their  calces;  and,  like  a true 
phlogiftic  procefs,  when  an  explofion  is 
made  through  a piece  of  the  fame,  it  in 
part  returns  -into  its  metalline  form.  But 
here  one  might  juftly  fufpedl  that  the  phlo- 
gifton  neceflary  to  revivify  the  calx  is  forced 
out  of  other  bodies  that  contain  it*  and 
which  lie  in  the  circuit. 

; 4 j 

P Although 
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Although  we  obferved,  in  the  fifth  chap- 
ter, that  Electricity  and  Magnetifin  did  not 
interfere  with  one  another's  action,  yet  that 
muft  not  be  underflood  in  general,  and  when 
a large  force  of  Electricity  is  meant;  for  this 
is  capable  not  only  of  deftroying  the  virtue, 
or  of  revcrfmg  the  poles  of  a magnetic 
needle,  but  even  of  giving  it  that  virtue. 
When  the  charge  of  ten,  eight,  and  even  a 
lefs  number  of  fquare  feet  of  coated  glafs  is 
fent  through  a fine  fewing-needle,  it  will 
often  give  it  polarity,  fo  that  it  will  traverfe 
when  laid  on  water*.  It  is  remarkable, 
that  if  the  needle  be  ftruck,  lying  eaft  and 
weft,  that  end  of  it  which  is  entered  by  the 
fihock,  viz.  that  end  which  communicates 
with  the  politive  fide  of  the  battery,  or  jar, 
will  afterwards  point  north ; but  if  the  needle 
be  ftruck,  lying  north  and  fouth,  that  end  of 
it  which  lay  towards  the  north,  will  in  anv 
cafe  point  north ; and  the  needle  will  ac- 
quire a ftronger  virtue  in  this,  than  in  the 

i * * 

* A finart  ftroke  of  a hammer  will  make  a needle 
magnetic : but  they  fliould  always  be  tried  before  the 
experiment ; for  many  fmall  needles  will  traverfe  upon 
water,  without  the  eledlric  fhock,  or  the  ftroke  of  the 
hammer. 

former 


i 
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former  cafe.  Laftly,  if  the  needle  is  fet 
perpendicular  to  the  horizon,  and  the  elec- 
tric fhock  is  given  to  either  point  of  it,  af- 
terwards the  lower  extremity  of  the  needle 
will  point  north 

# 

) 

That  the  electric  fpark  fhould  kindle 
inflammable  fubftances,  I think  might  be 
expedted,  when  its  power  has  been  confi- 
dered  in  many  circumilances,  in  which  it 
has  been  obferved  to  adt  as  a moft  pene- 
trating and  extraordinary  fire.  In  firing  fe- 
veral  fubftances,  afmall  fhock  is  fufficient; 
and  inflammable  fpirits  may  be  fired  even 
by  a fpark  proceeding  from  an  eledtrified 
Condudtor. 

If  the  moderate  charge  of  a large  battery 
be  difcharged  between  two  fmooth  furfaces 
of  metals,  or  femi-metals,  lying  at  a final! 
diftance  from  each  other,  a beautiful  ipot 
will  be  marked  upon  them.  This  confifts 
•of  one  central  fpot,  and  fome  concentric 

* See  Dr.  Franklin’s  Letters,  p.  90;  and  BeCca- 
Ria’s  Artificial  Eledtricity,  § 731,  732,  733,  734. 

F 2 circles. 
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circles  *,  which  are  more  or  lefs  difrindt, 
and  more  or  lefs  in  number,  according  as 
the  metal  upon  which  they  are  marked,  re- 
quires a lets  or  greater  degree  of  heat  to  be 
melted,  and  as  a greater  or  lefs  force  is  em- 
ployed, 

if  the  explofion  of  a battery,  iffuing  from 
a pointed  body,  as  the  point  of  a needle,  be 
repeatedly  taken  upon  the  plain  furface  of  a 
piece  of  metal  fituated  at  a little  didance 
from  the  point,  or  if  iffuing  from  the  furface, 
be  taken  upon  the  point,  that  metal  will  be 
marked  with  a coloured  fpot,  confiding  of 
all  the  prifmatic  colours  dilpofed  in  circles, 
and  evidently  formed  by  fcales,  or  thin 
plates  of  the  metal  feparated  by  the  force  pf 
the  explofion  -f*. 

When  the  difcharge  of  a battery  is  made 
by  bringing  the  ends  of  two  Conductors, 
communicating  with  the  in  fide  and  the 
outlide  of  the  battery,  in  contact  with,  or 

* The  central  ip  at  as  well  as  the  circles  lie  at  a little 
di fiance  from  one  another;  and  they  arc  compofed  of 
dots  and  cavities,  indicating  a true  fufion. 

f For  further  particulars  concerning  thofe  circles, 

ice  the  PiiiL  Tranf  vol,  LVIII, 
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dta  little  diflance  from,  the  furface  of  feve-* 
ral  conducing  fabftances,  as  water,  raw 
meat,  £cc.  it  is  obfervable  that  the  Electri- 
city, inftead  of  entering  thofe  fabftances, 
goes  over  their  furface,  and  in  a lucid  fepa- 
rate  bcdy  reaches  from  Conductor  to  Con- 
ductor ; fometimes  it  prefers  a much  longer 
paflage  over  the  furface,  to  a fhorter  one 
through  any  fubftance.  In  this  cafe  the 
explofion  never  fails  to  give  a concudion  to 
the  body,  over  whole  furface  it  pa  lies. 

The  eledtric  eXplofion,  or  even  eledlric 
fparks,  when  taken  indifferent  kinds  of  air, 
or  permanently  elaftic  fluid,  was  obfervqd  by 
Dr*  Priestley  to  act  like  a true  phlogiitic 
procefs**  But,  upon  a nicer  examination, 
it  feems  that  the  phlogiitic  principle  does 
not  proceed  from  the  eledtric  fluid  itfelf, 
but  is  detached,  by  the  force  of  Eledlrieity, 
from  thofe  Conductors,  between  which  the 
explofions  or  fparks  are  taken  It  may 
be  alfo  mentioned  in  this  place  to  have  been 

* See  Dr.  Priestley's  fecond  vol.  of  Obfervations 
on  different  Kinds  of  Air. 

t See  myTreatife  on  Air,  and  other  permanently 
elaftic  fluids,  p.  433. 

. ' F 3 
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found  by  Dr*  Priestley,  that  every  kind 
of  permanently  elaftic  fluid  is  a Non-con- 
dudor  of  Eledricity ; but  probably  they 
are  not  all  of  the  fame  degree.  . The  co- 
lour of  the  eledric  fpark,  although  equally 
viflble,  yet  is  not  of  the  fame  colour  in 
every  fort  of  elaftic  fluid.  In  inflammable 
and  in  alkaline  air,  it  appears  of  a purple  or 
red  colour ; in  fixed  air  it  appears  white. 

* / / ' ) l * i.  i , J v . 

The  eledric  explofions  taken  upon  the 
leaves  of  certain  flowers,  change  their  co- 
lour*. * 

, i 

Befides  the  above-mentioned  properties 
of  charged  glafs,  there  are  a few  more  ob- 
ferved,  which  as  yet  have  neither  been  dif- 
fidently inveftigated,  nor  fo  far  purfued  as 
to  be  reduced  under  any  general  laws.  They 
afford  a great  field  for  fpeculation,  and  feem 
to  be  more  intimately  connected  with  the 
nature  of  Eledrics  in  general ; but  it  feems 
not  proper  to  make  any  general  conclufions 
from  the  fads  already  known,  at  lead  fo  as 

* Dr.  Priestley’s  Hift.  ofEledtricity,  Per.  VII. 
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to  be  inferted  in  this  part  of  the  prefent 
treatife.  I fhall  therefore  employ  a chap- 
ter for  the  narration  of  the  fame,  in  which 
I fhall  relate  the  principal,  and  more  pro- 
mifing  experiments  hitherto  made,  and  take 
notice  of  the  belt  conjectures  offered  for 
their  explanation.  This  chapter  will  be 
found  at  the  end  of  the  third  part,  in  which 
place,  I think,  it  will  be  more  acceptable 
to  my  readers,  particularly  fuch  as  have  not 
been  much  converfant  with  Electricity,  and 
therefore  require  firfl  the  defcription  of  the 
eleftrical  apparatus,  and  the  knowledge  of 
the  experiments  neceffary  to  prove  the  faCts 
recited. 


HOEVER  has  remarked  the  nu- 


merous properties  of  Electricity  al- 
ready mentioned,  and  has  confidered  their 
extenfive  power,  will,  I doubt  not,  be 
greatly  furprifed,  when  he  compares  the 
finite,  in  which  the  fcience  remained  half  a 


CHAP.  VIII. 


Of  Atmofpherical  Electricity. 
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century  ago,  with  that  in  which  it  is  at 
prefent ; but  his  wonder  will  Hill  increafe, 
when  he  is  told  that  Eledtricity  is  not  only 
to  be  obferved  by  rubbing  an  Eledtric,  or 
warming  a Tourmalin,  but  that  it  has  been 
found  to  exift  in  the  air,  rain,  and  clouds : 
that  thunder  and  lightning  have  been  difco- 
vered  to  be  its  effedts ; and  that,  in  fhort, 
whatever  has  the  appearance  of  fire,  or  of 
any  thing  extraordinary  in  the  atmofphere, 
and  upon  the  earth,  has  been  attributed  to 
Electricity. 

That  effedts  of  Eledtricity  bore  a great 
refemfclance  to  thunder  and  lightning,  had 
been  feveral  times  remarked  by  philoio-. 
phers,  ana  especially  by  the  learned  Abbe 
Non  LET  i but  that  they  fhould  actually  be 
found  to  be  effedts  of  the  lame  caufe,  and 
that  the  phenomena  of  Eledlricity  fhould  be 
imitated  by  lightning,  or  thole  of  lightning 
by  Eledlricity,  was  neither  thought  pof- 
fible,  nor  fufpedted,  til!  the  celebrated  Dr. 
Franki  in  made  the  bold  affertion;  and 
the  French  philofophers  firft,  and  after- 
wards Dr.  Franklin,  proved  the  fadt  by 

undeniable  arguments  in  the  year  3752- 

The 
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The  limilarity  of  lightning  and  Eledtri- 
city  is  not  to  be  remarked  in  a few  appear- 
ances only,  but  it  is  obfervable  throughout 
all  their  numerous  effects,  and  there  is  not 
a fingle  phenomenon  of  the  one,  but  .may 
be  imitated  by  the  other.  Lightning  de- 
ftroys  edifices,  animals,  trees,  & c.;  lightning 
goes  through  the  beft  Conductors  which  it 
meets  in  its  way,  and,  if  its  palfage  is  ob- 
ftrudted  by  Electrics,  or  lefs  perfect  Con- 
ductors, it  rends  them,  and  difperfes  them 
in  every  direction ; lightning  burns,  and 
melts  metals  and  other  fubftances ; a ftroke 
of  lightning  often  difturbs  the  virtue  of  a 
magnet,  and  gives  polarity  to  ferruginous 
fubftances;  and  all  thefe  effects,  as  has  been 
obferved  above,  may  be  produced  by  Elec- 
tricity. But,  independent  of  the  great  fimi- 
larity  exifting  between  lightning  and  Elec- 
tricity, what  fully  proves  their  identity  is, 
that  the  matter  of  lightning  may  be  ac- 
tually brought  down  from  the  clouds  by 
means  of  infulated  and  pointed  metallic 
rods,  or  by  electrical  kites,  and  with  it  any 
known  electrical  experiment  may  be  per- 
formed. 


Clouds, 
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Clouds,  as  well  as  rain,  fnow,  and  hail, 
that  fall  from  them,  are  almofl  always  elec- 
trified, but  oftener  negatively  than  pofitive- 
ly ; and  the  lightning,  accompanied  with 
the  thunder,  is  the  effedt  of  the  Eledlricity, 
which,  darting  from  a cloud,  or  a number 
of  clouds,  highly  eledtrified,  flrikes  into 
another  cloud,  or  elfe  upon  the  earth ; in 
which  cafe  it  prefers  the  moft  lofty  and 
pointed  places,  and  by  this  ftroke  produces 
all  thofe  dreadful  effedts,  that  are  known  to 
be  occafioned  by  lightning. 

The  air,  at  fome  diflance  from  houfes, 
trees,  mails  of  Ihips,  &c.  is  generally  elec- 
trified pofitively,  particularly  in  frofty, 
clear,  or  foggy  weather  •>  but  how  the  air, 
the  fogs,  and  the  clouds  become  eledlrified, 
has  not  yet  been  clearly  afcertained,  aU 
though  feveral  conjedtures  have  been  offer- 
ed; excepting  however  the  principle  of  the 
eledlricity  produced  by  evaporation  and  con- 
denfation,  which  will  be  confidered  in  the 

After  that  Eledtricity,  and  the  matter  of 
lightning  wercp  found  to  be  the  fame  thing, 
x philofophers 
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philofophers  began  to  fufpeCt  the  aCtion  of 
Electricity  where  it  had  before  been  lefs 
imagined,  and  not  without  reafon  endea- 
voured to  reconcile  to  it  feveral  other  na- 
tural appearances.  The  aurora  borealis,  or 
northern  light,  was  foon  attributed  to  Elec- 
tricity, on  obferving  that  by  this  that  flam- 
ing  light  may  be  imitated  and  that  the 
aurora  borealis,  when  very  ftrong,  has  been 
known  to  difturb  the  magnetic  needle  *ft 
which  is  alfo  an  effeCt  of  Electricity. 

- . • ^ < V / V - » V 

< v ' r - t , 1 . ' < . 4.*  ^ « C , . i ,/  J { i / ,*  % * , 

The  accenfions,  that  are  often  feen  in  the 
atmolphere  (commonly  called  falling  Stars) 
are  thought  to  be  eleCtrical  appearances. 
The  fame  is  alfo  fuppofed  to*  be  the  caufe 
of  fuch  other  meteors,  like  white  clouds, 
that  often  appear  by  night-time,  particu- 
larly in  hot  climates.  Befides  thefe  pheno-  # 
mena,  water  - fpouts,  hurricanes,  whirl- 
winds, and  even  earthquakes,  have  been 

* The  late  Mr.  Canton  frequently  collected  Elec- 
tricity in  a confiderable  degree,  during  the  time  of  an 
aurora  borealis.  His  apparatus  for  that  purpofe  con- 
lifted  of  an  infulated  fifhing  rod,  erected  on  the  top  of 
Jiis  houfe,  and  having  a wire  twilled  round. 

f See  the  Phil.  Tranf,  vol  LIX.  page  88. 
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attributed  to  Eledtricity.  But  now,  perhaps/ 
the  reader  will  think  philofophers  too  ex- 
travagant* in  going  fo  far  with  Electricity  .> 
Such  thoughts  feem  at  frit  light  to  be  ex- 
travagancies; but  if  it  be  considered*  that 
they  do  not  appear  to  contradict  the  known 
laws  of  nature,  that  they  are  not  afTertions 
abfolutely  void  of  proofs,  and  that  they 
tire  the  thoughts  of  great  philofophers, 
then,  I think*  they  may  be  admitted,  at 
leaft  fo  far  as  to  be  tried  on  proper  oc^ 
cations*  and  to  be  conlidered  as  the  moft 
plaufible  conjectures  yet  offered  in  expla- 
nation of  the  moft  furprifing  phenomena  of 

nature  ** 

/ 

* 

* For  farther  conjectures,  fee  Dr.  Franklin’s 
Letters*  and  Dr.  Priestley’s  Hilt.  ofEledh 


i 


CHAP. 


V 


tit  E l E c T R i C } T Y. 


C H A P.  IX, 


Advantages  derived  from  Eledlficify, 


ATURE,  ever  wife  and  admirable  in 

I 


JL  *i  her  actions,  feems  to  follow  a cef- 
tain  fixnilarity  in  her  works  with  a confor- 
mity of  operations,  and,  from  the  fimpleif 
to  the  moll  complicated  of  her  objedls.,  an 
analogy  is  obferyable,  which,  as  it  is  won- 
derful  to  he  poniidered,  fo  it  is  inftrudtivf 
and  ufeful.  It  is  on  account  of  this  anar 

• V-  • k 

logy,  that  whenever  a difeovery  is  made  m 
any  part  of  natural  philofophy ; wheqevef 
a lcience  is  advanced,  we  not  only  attain  t$> 
the  knowledge  of  that  tingle  law,  or  par- 
ticular fcience,  but  at  the  fame  -time  ac- 
quire means  in  general  of  inveftigating  the 
operations  of  nature  with  fomewhat  more 
certainty  and  accuracy  ; and  by  pudding  thaf 
analogy  we  are  enabled  to  make  further  dif- 
coverie.s,  and  to  improve  every  branch  ,of 
knowledge,. , How  far  Electricity  has  con- 
tributed towards  this  purpofe,  I think  j§ 
unneceflajy  to  he  further  proyed,  wnen  fa 
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aCtion  has  been  fhown  to  be  fo  general,  and 
fo  powerful,  as  to  perform  what  no  art  can 
operate.  But,  befides  the  field  that  Electri- 
city has  opened  for  further  difcoveries,  and 
the  fatisfa&ion  of  that  curiofity,  which  be- 
fore attended  the  contemplation  of  fo  many 
wonderful  phenomena  as  have  been  ex- 
plained by  this  fcience,  there  are  two  great 
advantages  derived  from  EleCtricity  $ the  one 
is  a defence  again  ft  the  direful  effeCis  of 
lightning,  and  the  other  a remedy  for  many 
diforders  incident  to  the  human  body. 

In  order  to  guard  edifices  or  fliips  from 
being  damaged  by  lightning,  it  was  judi- 
cioufly  propofed  by  Dr. Franklin,  to  raife 
a metallic  Conductor  fome  feet  above  the 
higheft  part  of  the  building,  and  continue 
it  down  the  wall  till  it  penetrated  fome  feet 
into  the  ground ; by  this  means  the  houfe 
could  never  receive  any  damage ; for  when- 
ever the  lightning  fhould  happen  to  fall 
upon  it,  it  is  evident  that  the  Conductor, 
being  of  metal,  and  higher  than  any  part 
of  the  building,  would  certainly  attraCt  it, 
and,  by  conducting  it  to  the  ground,  hinder 
that  building  from  receiving  any  damage ; 


Electricity,  79 

it  being  v/ell  known  that  Electricity  always 
ftrikes  the  nearelt  and  belt  Conductors  that  it 
meets  with  in  its  way. 

The  reafonablenefs  and  truth  of  this  afler- 
tion  has  been  confirmed  by  numberlefs  facts, 
and  the  practice  of  raifing  fuch  Conductors 
has  been  found  exceedingly  ufeful,  particu- 
larly in  hot  climates,  where  thunder-ftorms 
are  very  frequent,  and  the  damages  occa- 
fioned  by  the  fame  too  often  experienced. 

In  regard  to  the  conftruCtion  of  fuch  Con- 
ductors, there  have  been  fome  controverfies 
among  Electricians ; and  the  moft  advanta- 
geous manner  of  ufing  them  has  not,  with- 
out a great  many  experiments,  and  but  very 
lately,  been  afcertained.  Some  philofophers 
have  afferted  that  fuch  Conductors  fihould 
terminate  in  a blunt  end,  that  they  might  the 
lefs  invite  the  lightning  from  the  clouds ; for 
a blunt  end  will  not  attract  EieCtricity  from 
lo  great  a diftance  as  a fharp  point.  But 
other  philofophers  have  thought  a pointed 
termination  to  be  much  preferable  to  a blunt 

one ; and  their  afiertion  feems,  on  the  fol- 
lowing 

r * 
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lowing  accounts,  founded  on  much  bettef 
teafoning. 

' ' - 9 

\ ' > 4 

A fharp-pointed  Conductor,  it  is  true, 
~^ill  attract  Electricity  from  a greater  dis- 
tance than  a blunt  one,  but  at  the  fame 

i> 

time  will  attract  and  conduit  it  by  little 
and  little,  or  rather  by  a continued  ft  ream, 
in  which  manner  a remarkably  fmall  Con- 
duCtor  is  capable  of  conducting  a very  great 
quantity  of  Electricity  5 whereas  a blunt- 
terminated  Conductor  attracts  the  Electri- 
city in  a full  feparate  body,  or  explofion,  iu 
which  manner  it  is  often  made  red-hot, 
melted,  and  even  exploded  in  fmoke,  and 
by  fuch  a quantity  of  Electricity  as  per- 
haps would  not  have  at  all  affeCted  it,  if  it 
had  been  fharply  pointed. 

„ •'  v'  . ( S 

A fharp-pointed  Conductor  certainly  in- 
vites the  matter  of  lightning  ealier  than  a* 
blunt  one ; but  to  invite,  receive,  and  con- 
duct it  in  fmall  quantities,  never  endangeis 
the  Conductor : and  the  objeCt  of  fixing  a 
Conductor  to  a home,-  is  to  proteCt  the 
houfe  from  the  effeCts  of,-  and  not  the  Con- 
ductor from  tranfmitting  the  lightning* 
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It  is  an  obfervation  much  in  favour  of 
fharp-pointed  Conductors,  that  fuch  fteeples 
of  churches,  and  edifices  in  general,  as  are 
terminated  by  pointed  metallic  ornaments* 
have  very  feldom  been  known  to  be  ftruck 
by  lightning;  whereas  others  that  have  flat 
or  blunt  terminations,  and  have  a great 
quantity  of  metal  in  a manner  infulated  oil 
their  tops,  are  often  ftruck  by  it,  and  it  is 
* but  feldom  that  they  efcape  without  great 
damage.  However,  it  happened  not  long 
ago,  that  a building  furnifhed  with  many 
fharp  conductors  was  ftruck  by  lightning  *«, 

* , . * , ■ • % f"’*.  , . 

1 •?  f 

Befides  thofe  confiderations,  a fharp- 
pointed  Conductor,  by  the  fame  property 
of  attracting  EleCtricity  more  than  a blunt 
one,  may  actually  prevent  a ftroke  of  light- 
ning -f*,  to  do  which  a blunt-ended  one  is 
abfolutely  incapable. 

1 , / v 

_ r V * # 4>  i i 

A Condudor  therefore  to  guard  a build- 
ing, as  it  is  now  commonly  ufed  in  con- 

jK-f • ■ *•*  * 

* See  the  Phil.  Tranf.  VoL  LXXU. 

f This  and  other  properties  of  pointed  Coridu&or.s 
will  be  made  to  appear  ver y evidently  by  experiments. 

Q fequence 
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fequence  of  feveral  confiderations,  and  ex- 
periments, fhould  conlift  of  one  iron  rod  * 
about  three  quarters  of  an  inch  thick, 
faftened  to  the  wall  of  the  building,  not 
by  iron  cramps,  but  by  wooden  ones.  If 
this  Conductor  were  quite  detached  from  the 
building,  and  fupported  by  wooden  polls  at 
the  diftance  of  one  or  two  feet  from  the 
wall,  it  would  be  much  better  for  common 
edifices,  but  it  is  more  particularly  advif- 
able  for  powder-magazines,  powder-mills, 
and  all  fuch  buildings  as  contain  com- 
buftibles  ready  to  take  fire.  The  upper 
end  of  the  Conductor  fhould  be  terminated 
in  a pyramidal  form,  with  the  edges,  as 
well  as  the  point,  very  {harp  * and  if  the 
Conductor  be  of  iron,  it  fhould  be  gilt,  or 
painted,  for  the  length  of  one  or  two  feet. 
This  fharp  end  fhould  be  elevated  above  the 
higheft  part  of  the  building  (as  above  a 
ftack  of  chimnies,  to  which  it  may  be  * 
faftened)  at  leaft  five  or  fix  feet.  The 

* Copper  would  do  much  better  than  iron  for  aCon- 
dudlor;  it  being  a more  perfect  Conductor  of  Electri- 
city, and  at  the  fame  time  not  being  fubjedt  to  contradl 
ruft  fo  foon  as  iron. 

' lower 
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lower  end  of  the  Conductor  fhould  be  dri- 
ven five  or  fix  feet  into  the  ground,  and  in 
a direction  leading  from  the  foundations ; 
or  it  would  be  better  to  connect  it  with  the 
neareft  piece  of  water,  if  any  be  at  hand. 
If  this  Conductor,  on  account  of  the  diffi- 
culty of  adapting  it  to  the  form  of  the 
building,  cannot  conveniently  be  made  of 
one  rod,  then  care  Ihould  be  taken,  that 
where  the  pieces  meet,  they  be  made  to 
come  in  as  perfect  a contact  with  one  another 
as  ; poffible ; for,  as  we  obferved  before. 
Electricity  finds  confiderabie  obftruCtiori 

where  the  Conductor  is  interrupted, 

1 * . / 

For  an  edifice  of  a moderate  fize,  one 
Conductor,  in  the  manner  already  delcribed, 
is  perhaps  fufficient  ->  but,  in  order  to  fe- 
cure  a large  building  from  fuftaining  any 
damage  by  lightning,  there  ffiould  be  two, 
three,  or  more  Conductors,  in  proportion 
to  the  extent  of  the  building. 

In  ffiips  a chain  has  often  beeh  ufed 
for  this  purpofe,  which,  on  account  of  its 
pliablenefs,  has  been  found  very  convex 

G a . meat. 
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nient;  and  eafy  to  be  managed  among  the 
rigging  of  the  veflel ; but  as  the  Electricity 
finds  a great  obftruCtion  in  going  through 
the  feveral  links,  for  which  reafon  chains 
have  been  actually  broken  by  the  lightning, 
fo  their  ufe  has  now  been  almoft  entirely 
laid  afide  ; and,  in  their  Head,  copper  wires 
a little  thicker  than  a goofe-quill  have  been 
fubftituted,  and  found  to  anfwer  very  well. 
One  of  thefe  wires  lhould  be  elevated  two 
or  three  feet  above  the  higheft  maft  in  the 
veflel ; this  fhould  be  continued  down  the 
maft,  as  far  as  the  deck,  where,  by  bend- 
ing, it  fhould  be  adapted  to  the  furface  of 
fuch  parts,  over  which  it  may  moft  con- 
veniently  be  placed,  and,  by  continuing  it 
down  the  fide  of  the  vellel,  it  fhould  be 
always  made  to  communicate  with  the  wa- 
ter of  the  fea. 

In,  regard  to  perfonal  fecurity,  in  cafe 
a thunder-ftorm  were  to  happen  while  a 
perfon  is  in  a houfe  not  furnifhed  with  a 
proper  Conductor,  it  is  advisable  not  to 
ftand  near  places  where  there  is  any  metal, 
£8  chimnies,  gilt  frames,  iron  cafements, 

or 
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or  the  like  ; but  to  go  into  the  middle  of  a 
room,  and  endeavour  to  ftand  or  lit  upon 
the  beft  Non-condudtor  that  can  be  found 
at  hand,,  as  an  old  chair,  a ftool,  &c.  cc  It 
“ is  ftill  fafer  (fays  Dr.  Franklin)  to 
“ bringtwo  or  three  matralfes  or  beds  into 
“ the  middle  of  the  room,  and,  folding 
“ them  up  double,  put  the  chair  upon 
“ them  ; for,  they  not  being  fo  good  Con- 
<c  dudtors  as  the  walls,  the  lightning  will 
“ not  choofe  an  interrupteu  courfe  through 
“ the  air  of  the  room  and  the  bedding, 
“ when  it  can  go  through  a continued 
“ better  Conductor,  the  wall.  But  where 
4<  it  can  be  had,  a hammock  or  Twinging 
“ bed,  fufpended  by  filk  cords,  equally 
“ diftant  from  the  walls  on  every  fide,  and 
<£  from  the  cieling  and  floor  above  and  be- 
“ low,  affords  the  Tafeft  fitUation  a perfon 
“ can  have  in  any  room  whatever,  and 
“ what  indeed  may  be  deemed  quite  free 
“ from  danger  of  any  ftroke  by  lightning/* 

If  a ftorm  was  to  happen  whiift  a perfon 
is  in  the  open  fields,  and  far  from  any 
building,  the  beft  thing  he  can  do  is  to  re- 
tire within  a fmall  diftance  of  the  hip-heft 

O 
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tree  or  trees  he  can  get  at  ; he  mull  by  no 
means  go  quite  near  them,  but  fhould  Hop 
at  about  fifteen  or  twenty  feet  from  their 
putermoft  branches;  for  if  the  lightning 
fhould  fall  thereabout,  it  will  very  probably 
ftrike  the  trees ; and  in  cafe  a tree  was  to  be 
fplit,  he  is  fafe  enough  at  that  diftance  from 

it, 

.«  » 


In  regard  to  the  other  great  ufe  of  Elec- 
tricity, viz.  its  application  as  a medicine, 
there  have  been  many  opinions  pro  and 
contra , and  the  reputation  of  medical  Elec- 
tricity has  been  very  dubious  and  fluCtu- 
ating ; owing  to  the  exaggerations,  the  mif- 
takes,  the  prejudices,  and  the  filtered:  of 
thofe  who  have  adminiftered  it  in  phyfical 
cafes.  But  after  many  experiments,  and 
after  overcoming  the  rooted  prejudice  offe- 
veral  phyficians  againft  medical  Electricity, 
it  has  been  clearly  proved,  that,  when 
properly  managed,  it  is  an  harmlefs  reme- 
dy, which  fome times  inftantaneoufly  re- 
moves divers  complaints,  generally  relieves, 
and  often  perfectly  cures  various  diforders, 
fome  of  which  could  not  be  removed  by  the 

2 utmofl 
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uimoft  endeavours  of  phyficians  and  fuf- 
geons. 

It  is  an  important  remark,  that  Electri- 
city, when  properly  managed,  if  it  does 
not  effed  a cure,  at  lead  it  produces  no  bad 
effeCt.  The  few  cafes  in  which  it  feems  to 
have  produced  any  harm,  are  at  a doubtful 
nature. 

✓ 

The  remarks  made  by  philofophers,  re- 
lating to  the  effeCts  of  EleCtricity  upon  the 
human  body  in  general,  are  the  following ; 
viz.  that  by  electrization,  whether  pofitive 
or  negative,  the  pulfe  of  a perfon  is  quick- 
ened, the  number  of  pulfations  being  ge-^ 
nerally  increafed  about  one-fixth ; and 
that  glandular  fecretions,  and  the  infenfible 
perfpiration,  are  promoted,  and  often  even 
reftored,  when  they  had  been  entirely  ob- 
ftruCted.  Thefe  effeCts  may  be  proved  by 
feveral  experiments,  independent  of  phyfi- 
cal  cafes ; and  I think  nobody  will  deny, 
that  fuch  promotions  are  not  only  bene- 
ficial, but  abfolutely  neceffary  for  removing 
feveral  diforders.  It  might  be  naturally 
fufpeCted,  that  the  promotion  pf  perfpi- 

G 4 ration, 
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ration,  and  of  glandular  fecretion,  were 
only  the  confequence  of  the  accelerate4 
pulfation,  and  not  the  immediate  effedt 
of  Eledtricity  : but  the  contrary  is  eafily 
proved,  by  obferving  that,  in  various  cafes* 
the  quickening  of  the  pulfation  by  other 
means,,  independent  of  Electricity,  as  fear, 

i 

exercife,  &c.  did  not  promote  thofe  le~ 
cretions  nearly  fo  much,  if  at  all,  as  eledtri-? 
nation ; and  alfo,  that  glandular  fecretion 
and  perfpiration  are  often  promoted  by 
Eledrricity,  when  applied  only  to  a parti- 
cular part  of  the  body,  in  which  cafe  it  felr 
dom,  if  ever,  accelerates  the  pulfation. 

Hitherto  it  has  not  been  difeovered,  that 
the  eledtric  fluid  adts  within  the  human  body 
by  any  chymical  property,  as  mofl  medi- 
cines generally  do;  but  itsadtion,  by  which 
it  produces  the  above-mentioned  eflfedts, 
may  be  confidered  merely  as  a mechanical 
ilimulus ; for  it  feems  to  adt  as  fuch,  even 
within  thofe  parts  of  the  body,  which, 
efpecially  when  difeafed,  are  moftly  out  of 
the  reach  of  other  remedies. 

Formerly,  in  order  to  flimulate,  or  in 
general  to  apply  Eledtricity  to  any  difeafed 

part 
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part  of  the  human  body,  flxong  fflocks,  or 
at  lead:  very  pungent  fparks,  were  thought 
neceflary;  but  at  p refen  t it  is  very  reafon- 
ably  efiabliffled,  upon  experience,  that  the 
greateft  eledtric  powers  which  can  be  ap- 
plied with  good  expectations,  are  exceed- 
ingly fmall  fliocks  and  moderate  fparks, 
the  proper  force  of  which  will  be  particu- 
larly defcribe.d  in  the  fequel ; but  that,  in 
general,  the  mod:  proper  treatment  is,  to 
throw  the  fluid  by  means  of  a wooden 
point,  as  it  is  commonly  called,  or  merely 
by  a metallic  point ; in  which  lad:  cafe,  the 
perfon  eledtrified  feels  only  a gentle  wind 
upon  that  part  of  the  body  towards  which 
the  point  is  directed. 

By  confidering  the  above-mentioned  ef- 
fects of  Eledtricity,  one  may  naturally  fuf- 
pedt,  that  in  cafes  of  preternatural  dif- 
charges,  the  application  of  Eledtricity  would 
be  rather  injurious  than  beneficial;  be- 
caufe  in  thofe  cafes  the  difcharge  is  required 
to  be  fupprefled,  and  not  promoted.  In 
refpedt  to  this  important  point,  it  has  been 
pbferved,  that  if  flxong  lhocks,  or  very 
pungent  fparks,  be  given  to  the  patients 

/ afflidted 
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afflicted  with  thofe  difeharge1 , the  difelfe 
is  feldom  cured,  and  on  the  contrary  is 
often  increafed ; but  when  only  the  fluid  is 
drawn  from  the  part,  by  means  of  a wooden 
point,  or  at  moil:  exceedingly  fmall  ffiocks 
are  adminiftered,  when  the  feat  of  the  dif- 
. eafe  is  more  internal,  then  the  difeharge, 
&c.  is  at  firft  generally  promoted  for  a few 
days  or  hours,  according  to  the  nature  of 
the  difeafe  and  other  circumftances,  but 
afterwards  it  leflens  by  degrees,  till  it  is 
quite  cured.  In  cutaneous  eruptions,  the 
application  of  Electricity  is  generally  at- 
tended with  fimilar  effeCts. — The  eruption 
firft  fpreads  farther  for  a fhort  time,  and 
afterwards  leffens  by  degrees  till  it  quite 
vanifhes.  From  thefe  obfervations  it  ap- 
pears, that  the  application  of  EleCtricity, 
when  judicioufly  managed,  does  not  mere- 
ly promote  any  difeharge  or  circulation  of 
fluids,  but  rather  aflifts  the  vis  vitce , or 
that  innate  endeavour,  by  which  nature 
tends  to  reftore  the  found  ftate  of  the 

O! 

injured  parts  of  a living  animal.  It  may 
perhaps  be  ever  difficult  to  explain,  in 
what  manner  EleCtricity  affifts  that  natural 
endeavour  $ but  experience  fhews  the  cer- 
tainty 
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tainty  of  the  fad:,  and  with  it  we  muft 
be  gratefully  contented ; for  we  may  apply 
the  effeds  to  our  wants,  though  we  arc  ig- 
norant of  their  caufe,  and  of  its  mode  of 
ading 

When  an  eledric  fhock  is  fent  through 
any  part  of  the  body,  an  inftantaneous  invo- 
luntary motion  or  convulfion  is  occafioned, 
which  fhews  that  the  mufcular  fibres  through 
which  the  fhock  is  fent,  are  expanded,  or  in 
fome  other  manner  convulfed.  This  invo- 
luntary motion,  though  not  fo  ftrongly,  is 
occafioned  alfo  by  fparks,  and  often  even 
by  drawing  the  fluid. — Farther,  when  a 
fhock  is  fent  through  or  over  feveral  fub- 
ftances  befides  the  human  body,  a tremu- 
lous motion  and  an  expanfion  is  evidently 
occafioned,  as  may  be  ihewn  by  many 
eledrical  experiments.  Now  all  thefe  ob- 
fervations  may  perhaps,  in  a manner,  ex- 
plain the  adion  of  Eledricity  upon  the 
organized  parts  of  an  animal  body,  by  com- 
paring it  with  the  tremulous  motion  given 
to  pipes-  of  any  fort,  through  which  fluids 
are  tranfmitted,  in  order  to  accelerate  their 
paflage,  and  to  prevent  any  ftoppage  which 

k might 
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might  ariie  from  ftagnation  or  accumulation 
of  grofs  bodies.  Perhaps  the  realon  why 
ftrong  fhocks  are  generally  hurtful,  may  be 
becaufe  the  irritation  they  give  to  the  ob- 
ftrudled  parts,  efpecially  when  they  are  very 
minute  and  delicate,  breaks  their  organiza- 
tion ; the  force  being  greater  than  thofe  parts 
can  naturally  bear. 

r , ^ - i 
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Independent  of  undeniable  practical  ob- 
fervations,  when  it  is  only  admitted  that 
Eleftricity  promotes  natural  fecretions  and 
circulation,  which  it  certainly  does,  there 
follows,  that  its  application  muft  be  be- 
neficial in  cafes  of  unnatural  difcharges ; 
for  in  thofe  cafes  the  difcharge  is  occa- 
fioned  by  the  obftrudtion  of  the  natural 
ways;  but  Electricity  removes  thofe  ob- 
ftrudlions,  which  is  the  fame  thing  as  to 
promote  natural  fecretion  and  circulation ; 
therefore,  it  muft  fupprefs  the  unnatural 
difcharge,  which  can  no  longer  exift  when 
the  natural  courfeof  the  fluids  has  been  re- 
ftored. 

With  reipect  to  difeafes  in  general,  two 
ijates  of  the  affected  parts  fhould  be  con- 

q fidered* 
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fidered.  The  firft  is,  the  immediate  and 
recent  caufe  of  the  difeafe ; and  the  fecond 
ftate  is,  the  alteration  of  other  parts, 
efpecially  iolid,  which  is  occafioned  by  the 
long  continuance  of  the  firft  and  principal 
caufe;  thus,  for  inftance,  the  weaknefs  or 
rupture  of  fome  veflels  within  the  body, 
may  occafion  extravafation  of  fluids,  which 
is  the  firft  ftate  of  the  difeafe.  Now  if 
thefe  extravafated  fluids  continue  in  any 
part  of  the  body,  they  will  gradually  oc- 
cafion a fuppuration,  an  inflammation,  or 
other  iymptoms,  which  vary  according  to 
innumerable  circmftances.  This  we  may 
confider  as  the  fecond  ftate  of  the  difeafe. 
Again,  when  a palfy  deprives  a part  of  the 
body  of  its  motion,  the  fleftty  and  even  the 
more  folid  parts,  in  procefs  of  time,  wafte 
and  become  disfigured ; which  is  the  effect 
of  the  obftrudted  motion  and  circulation, 
and  which  we  may  therefore  confider  as 
the  fecond  ftate  of  the  difeafe ; and  fo  of 
the  reft.  Now  it  has  been  obferved,  that 
the  power  of  Electricity  often  removes  the 
firft  ftate  of  the  diforder ; but  the  latter  is 
very  leldom  cared  by  it.  Indeed  it  feems 
almoft  impoflible  that  a disfigured  bone  of 
l • t ' deftroyed 
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deftroyed  organization  fhould  be  reftored 
to  its  found  ftate  by  means  of  Electricity. 
Dr.  Franklin  having  electrified  feveral 
paralytic  perfons  in  America,  obferved,  that 
they  were  generally  relieved  for  a few  days 
at  the  beginning,  but  that  they  afterwards 
either  did  not  mend,  or  relapfed  into  the 
ftate  they  were  before  the  ufe  of  Elec- 
tricity *.  Here  it  muft  be  obferved,  that 
thofe  paralyfies  were  moftly  of  a long 
ftanding,  and  alfo  that  the  method  praftifed 
by  the  Doftctf*,  was  to  give  ftrong  fhocks, 
which  we  have  already  remarked  to  be  ra- 
ther prejudicial. 

In  general,  the  application  of  EleClricity 
has  been  found  to  be  of  very  little  ufe  in 
cafes  of  long  ftanding ; became,  as  we  ob- 
ferved above,  the  more  fiftid  parts,  by  the 
long  continuance  of  the  aifortier,  have  un- 
dergone fuch  alteration,  as  cannot  be  re- 
ftored by  a mere  ftimulus,  fuch  as  the 
eleCtric  aCtion  is  fuppofed  to  be.  How- 
ever, fometimes  difeafes  of  many  years 

i 

* See  Dr.  Franklin’s  Philofophical  Letters,.* 
Papers,  &c,  and  Dr.  Priestley’s  Hilt,  of  EleCtri- 
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{landing  have  been  perfectly  cured  or  re- 
lieved by  means  of  Electricity,  In  thefe 
cafes,  therefore,  although  there  may  be  lefs 
hope  of  effecting  a cure,  it  is  not  improper 
to  apply  the  power  of  EleCtricity,  which, 
when  judicioufly  managed,  does  never  pro- 
duce any  bad  effeCts. 

) 

Hitherto,  I do  not  know  that  any  au- 
thentic faCts  have  fhewn  any  difference 
between  the  application  of  different  kinds 
of  EleCtricity,  in  medical  cafes.  Whether 
the  patients  be  electrified  by  the  prime 
Conductor,  or  the  infulated  rubber  of  the 
ufual  eleCtrical  machines,  viz.  whether  they 
are  electrified  pofitively  or  negatively,  feems 
to  be  quite  indifferent. 

* t 

In  refpeCt  to  the  cafes  in  which  Elec- 
tricity may  be  applied ; experience  fhews, 
that  in  genera),  all  kinds  of  obftruftions, 
whether  of  motion,  or  circulation,  or  of 
fecretion,  are  very  often  removed  or  alle- 
viated by  EleCtricity.  The  fame  may  be 
alfo  faid  of  nervous  diforders ; both  which 
include  a great  variety  of  difeafes.  To 
perfons  afflicted  with  the  venereal  difeafe, 
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or  to  pregnant  women,  electrization  has? 
been  thought  to  be  pernicious  ; but  my 
reader  may  be  allured,  that  even  in  thofe 
cafes  it  may  be  ufed  without  feaiy  if  it  be 
judicioufly  managed.  When  pregnant  wo- 
men are  to  be  electrified  for  any  diforder, 
the  fhocks  fhould  be  abfolutely  forbidden;? 
and  even  when  the  other  more  gentle  treat- 
ments are  ufed,  a conftant  attention  fhould 
be  given  to'  any  phenomenon  that  may  ap- 
pear in  the  courfe  of  the  electrization  ; the 
method  of  which  fhould  be  increafed,  di- 
minifhed,  or  fufpended,  according  as  cir- 
cumftances  mav  indicate. 

w 

J / > 

Having  thus  given  a fummary  view  of 
the  theory  of  medical  EleCtricity,  without 
entering  into  the  detail  of  any  phylical 
cafes,  1 lhall  referve  to  treat  at  large  of  the 
practical  part,  for  the  latter  end  of  this 
work. 
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CHAP.  X, 

Containing  a compendious  view  of  the  prin- 
cipal properties  of  Electricity * 

AFTER  the  laws  hitherto  eftablifhed 
in  the  fcience  of  Electricity  have 
been  exhibited  at  large,  and  the  particulars 
relating  to  each  have  been  fufficiently  con- 
ftdered,  it  will  not  be  amifs  to  fliow  in  how 
fmall  a compafs  thofe  laws  may  be  reduced* 
and  how  narrow  is  the  foundation  of  all 
that  has  hitherto  been  done. 


I doubt  not  but  this  recapitulation  will  ' 
prove  very  ferviceable  to  thofe,  who  are  no- 
vices in  Electricity,  as,  by  getting  in  me- 
mory a few  particulars,  they  will  not  only 
reconcile  all  that  which  has  been  faid  be- 
fore, but  will  alfo  be  enabled  themfelves  to 
explain  moft  of  the  following  experiments* 
and  to  underftand  the  application  of  the 
hypothecs,  of  which  we  fhall  next  proceed 
to  treat. 

H All 
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All  the  natural  bodies  are  divided  into 
two  claffes,  j.  e.  EleCtrics  and  Conductors. 
EleCtrics  are  fuch  as  may  by  fome  means 
be  excited,  fo  as  to  produce  Electrical  ap- 
pearances ; but  Conductors  are  fuch  as  can- 
not be  excited  by  themfelves,  u e.  without 
the  interference  of  an  EleCtric : further, 
electrical  fubftances  will  not  tranfmit  Elec- 
tricity, whereas  the  fubftance  of  Conduc- 
tors is  pervaded  by  it. 


Electricity  may  be  produced  four  ways, 
i,  e . by  friction,  by  heating  and  cooling,  by 
melting,  or  pouring  one  melted  fubftance 
into  another,  and  by  evaporation. 

When  two  different  bodies,  except  they 
are  both  Conductors,  are  rubbed  together, 
they  will  both  (provided  that  which  is  a 
Conductor  be  infulated)  appear  electrified, 
and  pofTelfed  of  different  Electricities ; fo 
when  a piece  of  fmooth  glafs  is  rubbed 
with  an  infulated  piece  of  leather,  it  ac- 
quires one  kind  of  EleCtricity,  called  the 
vitreous,  pcfitive  or  plus  EleCtricity;  and 
the  infulated  leather  acquires  the  other, 

called 
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galled  the  refinous,  negative  or  minus  Elec- 
tricity. 

The  difference  between  thefe  two  Elec- 
tricities confifts  principally  in  the  appear- 
ances of  their  light,  and  in  the  phenomena 
of  attradion  and  repulfion. 

* v J X v A $ . _ *.  ' ’ w.  ' — ♦ *■  - ‘ *•  -*•  •**  * ' 

When  the  politive  Eledricity  is  enter- 
ing a pointed  body,  it  caufes  in  general  the 
appearance  of  a lucid  ftar  or  globule  on  that 
point ; but  the  negative  Eledricity  gene- 
rally fhows  a lucid  pencil  of  rays  feeming 
to  ilfue  from  the  extremity  of  the  pointed 

Bodies,  poffeffed  of  the  fame  Eledricity, 
repel  each  other ; but  bodies,  poffeffed  of 
different  Eledricities,  attrad  each  other. 

Whenever  bodies  of  any  kind  come 
within  the  fphere  of  adion  of  an  eledri- 
fied  body,  except  they  are  very  fmall,  and 
infulated,  they  become  adually  poffeffed  of 
the  Eledricity  contrary  to  that  of  the  elec- 
trified body,  to  which  they  are  prefented. 
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No  EkSricity  can  be  obferved  upon  the 
furface  of  any  electrified  body,  except  that 
furface  is  contiguous  to  an  Electric,  which 
EleCtric  can  fomehow  or  other  acquire  a 
contrary  Electricity  at  a little  diftance. 
Other  wife,; — no  Electricity  can  appear  upon 
the  furface  of  any  eleCtrified  body,  except 
that  furface  is  oppofite  to  another  body, 
which  has  actually  acquired  the  contrary 
EleCtricity,  and  thefe  contrarily  electrified 
bodies  are  feparated  by  an  EleCtric 

\ " -'ii  i i 
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* On  confidering  this  principle,  it  may  be  afked, 
why  any  EleCtricity  can  be  obferved  upon  the  furface 
of  an  eleCtrified  body,  that  is  infulated  at  a confider- 
able  diftance  from  other  Conductors  ? Or,  which  is 
the  Electric,  that  is  contiguous  to  the  furface  of  an 
eleCtrified  Conductor,  or  excited  Electric,  and  which 
has  actually  acquired  a contrary  EleCtricity  at  a little 
diftance  from  the  faid  furface  ? To  this  qu  ell  ion  is 
anfwered,  that  the  air  is  in ; general  the  EleCtric, 
which  is  oppofite  to  the  furface  of  any  eleCtrified  body, 
which  being  not  a perfect  eleCtric,  does  eafily  ac- 
quire a contrary  EleCtricity  on  a firatum  of  its  fub- 
ftance,  that  is  at  a little  diftance.  from  the  eleCtrified 
body  \ and  in  confequencc  of  this  firatum,  it  acquires 
another  firatum  contrarily  eleCtrified,  and  at  a little 
diftance  from  the  former ; to  this,  other  flrata  fucceed, 
alternately  poflefled  of  pofuive  and  negative  Electri- 
cities, 
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If  the  repnlfion  exifting  between  bodies 
pofTeffed  of  the  fame  kind  of  Eledkidty  be 
excepted,  all  the  other  eledirical  phenomena 
are  occaiioned  by  the  pailage  of  Eledlricity 
from  one  body  to  another. 

A confiderable  quantity  of  Electricity 
exifts  in  the  atmofphere,  and  is  certainly 
employed  for  fome  great  purpofes  of  na- 
ture. 

The  air,  the  clouds,  the  rain,  the  hail, 
the  fnow,  and  the  fogs,  are  almoft  always 
eledtrified ; but  eledtrization  has  not  been 
found  to  promote  or  retard  coagulations,  or 
the  freezing  of  water. 

✓ 

Thefe  few  laws,  well  conlidered,  will  be 
found  to  contain  almoft  all  that  is  known 
of  the  fubjedt,  and  if  properly  applied,  they 

cities,  and  decreafing  in  power  until  they  vanifh,  or 
come  to  the  walls  of  the  room,  &c.  The  experiment 
of  the  glafs  tube,  mentioned  in  the  Vlth  chapter, 
(hows  that,  in  general,  when  an  Eledtric,  fufficiently 
denfe,  is  prefented  to  an  eledtrified  body,  it  acquires 
fuccefTive  zones,  or  ftrata  of  pofitive  and  negative  Elec- 
tricity. 

h 3 
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may  explain  moil:  of  the  experiments  tha? 
follow. 

* ■*  , 

Befides  what  has  been  faid  in  this  part  of 
the  prefent  Treatife,  there  are  feveral  other 
maxims,  rules,  &c.  to  be  known  in  Elec- 
tricity ; but  as  thefe  moftly  refpedt  the  real 
practice,  fo  they  will  be  occafionally  infert- 
ed  in  other  places,  that  feem  better  adapts 
ed  to  their  reception® 
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PART  I II. 

/ w - r 

THEORY  OF  ELECTRICITY. 

/• 

4 

CHAP.  I. 

9 "he  Hypothecs  of  P of  the  arid  Negative 

Electricity. 

IT  is  the  bufinefs  of  Philofophy  to colledt 
the  hiftory  of  appearances,  and  from 
thefe  to  deduce  fuch  mechanical  laws,  as 
may  either  be  themfelves  of  immediate  ufe, 
or  lead  to  the  difcovery  of  other  fadts  more 
interefting  and  neceffary  for  the  happinefs 
of  human  kind.  After  a number  of  fuch 
conftant  appearances,  which  are  called  na- 
tural laws,  have  been  eftablifhed,  and  con- 
firmed by  a fufficient  number  of  experi- 
ments, it  is  then  proper  to  inveftigate  the 
caufe  of  thofe  effedts ; which,-  if  it  be  once 
difcovered,  and  its  mode  of  acting  be  afcer- 
tained,  puts  an  end  to  the  trouble  of  expe- 
rimental inveftigation,  and  renders  the  ap- 
plication of  its  effedts  certain,  and  deter- 
minate. ^ / 
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Caufes  and  effects  are  fo  intimately  con- 
nected and  dependent  on  each  other,  that 
throughout  the  fyftem  of  nature  we  every 
where  difcover  a feries  of  energies,  which 
whilft  they  are  depending  on,  and  derived 
from,  their  preceding  terms,  are  at  the  fame 
time  the  caufes  of  their  fucceeding  ones. 
But  what  is  the  hr  ft  caufe  of  all  the  reft, 
which  being  not  the  effeCt  of  any  preceding, 
may  be  called  the  fource  of  all,  and  the  firft 
term  in  the  feries  ? In  contemplating  this 
fource,  the  mind  is  loft  in  wonder,  and,  af- 
ter we  are  advanced  a few  fteps,'we  find 
that  a cloud  obftruCts  our  further  progrefs, 
and,  from  continuing  our  inquiry  and  con- 
templation, nothing  more  can  be  derived  but 
an  argument  to  prove  the  imbecility  and 
fhortnefs  of  our  underftanding.  This  how- 
ever is  not  the  fubjeCt  of  the  prefent  Trea- 
tife ; and  all  I meant  to  deduce  is,  that,  after 
the  laws  of  EleCtricity  have  been  confidered, 
it  is  necelfary  that  we  fhould  go  a little 
further,  and  inveftigate,  if  poffible,  the  im- 
mediate caufe  of  that  property  in  nature, 
or  confider  the  moft  probable  conjectures 
that  hgve  been  offered  on  this  fubjeCt:  by 
the  knowledge  of  which  we  may  explain  all 

thq 
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the  known  eledtrical  appearances,  and  adapt 
their  effedts  to  our  purpofes  witli  fomewhat 

more  certainty  and  precifion, 

* • 

The  vaft  number  of  hypothefes  that  have 
been  framed  in  explaining  the  eledtrical 
phenomena,  from  the  infancy  of  the  lcience 
to  the  prefent  time,  may  be  eafily  imagined, 
by  confidering  the  great  number  of  labour- 
ers, and  the  difeoveries  that  have  been  pro- 
duced without  intermiffion  in  this  field  of 
wonders,  it  would  be  not.  only  an  endlefe 
work  to  relate  all  the  hypothefes  hitherto 
offered,  but  alfo  an  ufelefs  one,  when  they 
have  been  evidently  contradicted  by  feveral 
experiments,  and  after  they  have  all  given 
place  to  the  hypothefis  of  a fingle  eledtric 
fluid,  which  generally  goes  under  the  name 
of  Dr.  Franklin’s.  That  although  this 
hypothefis  explains  all  the  known  eledtrical 
appearances,  it  is  however  not  a demon- 
ftrable  truth,  but  the  molt  probable  fuppo- 
fition,  I confefs ; and,  in  order  that  a due 
diftindtion  might  be  preferved  between  the 
knowledge  of  fadts,  and  the  fuppofition  of 
their  immediate  caufe,  I have  feparated  the 
former  from  the  latter,  and  follov/ed  that 

method 
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method  which  feemed  more  philofophical 
2nd  mftrudfcive  ; but  now  to  make  further 
apologies  for  admitting  this  hypothecs,  at 
a.  time  when  numberlefs  experiments  fpeak 
clear  in  its  favour,  would  be  doing  an  in- 
jury to  the  philofophical  world  in  general, 
and  efpecially  to  the  ingenious  philofophers 
that  propofed  and  improved  it.  I fhall 
therefore,  without  further  preamble,  lay  it 
down  as  it  is  now  commonly  and  reafonably 
admitted ; and  fhall  ufe  it  in  the  explana- 
tion of  the  following  experiments. 

All  the  phenomena  called  Electrical  are 
fuppofed  to  be  effected  by  an  invifible  fub- 
tile  fluid  exifting  in  all  the  bodies  of  the 
earth.  It  is  fuppofed  alfo  that  this  fluid  is 
very  elaftic,  /.  e.  repulfive  of  its  own  parti- 
cles, but  attradlive  of  the  particles  of  other 
matter. 

<■ 

When  a body  does  not  fhow  any  eleCtri- 
cal  appearances,  it  is  then  fuppofed  to  con-* 
lain  its  natural  quantity  of  eledhric  fluid  (but 
whether  that  quantity  bears  any  proportion 
io  the  quantity  of  matter  in  general,  or  not, 

X * o 

h uncertain),  and  therefore  that  body  is 

faid 
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faid  to  be  in  its  natural  or  non- ele  El  rifled 
Jlate  ; but  if  a body  fliows  any  electrical  ap- 
pearances, it  is  then  faid  to  be  electrified, 
and  it  is  fuppofed  that  it  has  either  acquired 
an  additional  quantity  of  eleCtric  fluid,  or 
that  it  has  loft  fome  of  its  natural  fhare.  A 
body  having  received  an  additional  quantity 
of  eleCtric  fluid,  is  faid  to  be  overcharged , or 
pofitively  electrified •>  and  a body  that  has  loft 
part  of  its  natural  quantity  of  eleCtric  fluid, 
is  faid  to  be  undercharged , or  negatively  elec- 
trified. 

* 

From  hence  it  appears,  why  the  terms 
pofitive  and  negative,  or  plus  and  minus  Elec- 
tricity came  to  be  ufed  ; for  the  firft  fignifies 
a real  plus,  or  fuperfluity,  and  the  fecond  a 
real  minus,  or  deficiency  of  the  quantity  of 
eleCtric  fluid  proper  to  a body. 


By  this  hypothefis,  which  is  analogous  to 
the  other  phenomena  of  nature,  the  elec- 
trical appearances  are  eafily  explained,  and 
there  is  not  a Angle  experiment  that  feems 
to  contradict  it.  Firft  it  appears,  that  when 
an  eleCtric  and  a conducting  fubftance  are 
rubbed  together,  the  EleCtricity  is  not  then 
produced  j but  by  the  aCtion  of  rubbing,  one 

6 body 
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body  pumps-,  as  it  were,  the  electric  fluid 
from  the  other  * : hence,  if  one  becomes 
overcharged  with  it,  crpoinivc'y  electrified, 

^ - - ’ 4.  i'  f I 

’*  gy  wlwt  mechanifm  one  body  extracts  the  eledtric 
fluid  from  the  other  is  not  yet  known.  The  celebrated 
Father  Beccaria  luppofes  that  the  adtion  of  rubbing 
mcreafeth  the  capacity  of  the  Electric,  z.  e.  renders  that 
part  of  the  Electric,  which  is  actually  under  the  rubber, 
capable  of  containing  a greater  quantity  of  eledtric  fluid  \ 
hence  it  receives  from  the  rubber  an  additional  fhare  of 
fluid  : which  is  manifefted  upon  the  furface  of  the  Elec- 
tric, when  that  furface  is  come  out  of  the  rubber;  in 
which  hate  it  lofes,  or,  as  it  were,  contradls  its  ca- 
pacity.. Father  Beccaria7s  experiment  to  prove  this 
foppofltion  is  the  following  : — He  caufed  a glafs  plate 
to  be  rubbed  by  a rubber  applied  on  one  fide  of  the 
plate,  while  it  was  turning  vertically ; and  holding  at 
the  fame  time  a linen  thread  on  the  other  fide  of  the 
plate,  juft  oppofte  to  the  rubber,  he  obferved,  that  the 
thread  was  not  attradled  by  that  part  of  the  glafs  which 
correfponded  to  the  rubber,  but  by  that  which  was  op- 
nofite  to  the  furface  of  the  glafs  that  had  jufl  come 
out  of  the  rubber;  which  fhews  that  the  fluid  acquired 
by  the  glafs  plate,  did  not  manifeft  its  power  until  the 
furface  of  the  gl^fs  was  come  out  of  the  rubber.  But, 
query,  in  what  manner  does  the  glafs  augment  its  capa- 
city of  holding  the  eledtric  fluid  by  the  adtion  of  the  rub- 
ber ? See  Dr.  Franklin's  Letters,  &c.  § 34.  Belides 
this,  there  are  other  experiments  to  be  mentioned  in  the 
ecurfe  of  this  work,  which  clearly  fhew  that  the  capacity 
of  a body  to  hold  Electricity  is  increased  by  the  vicinity 
cf  certain  other  bodies. 

the 
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the  other  muft  necefiarily  be  undercharged, 
or  electrified  negatively,  except  its  deficiency 
be  fupplied  by  other  bodies  communicating 
with  it.  From  hence  alio  appears  the  rea- 
lbn,  why,  when  an  EleCtric  is  rubbed  with 
an  infulated  rubber,  it  can  acquire  but  little 
Electricity , beeaufe  in  that  cafe,  the  rubber, 
not  ‘communicating  with  other  Conductors, 
can  fupply  the  EleCtric  with  only  that  fmail 
quantity  of  fluid  which  belongs  to  itfeli,  or 
which  it  collects  from  the  contiguous  air. 

EleCtric  attraction  is  eaflly  explained;  for 
this  does  not  exift,  except  between  bodies 
differently  electrified ; which  muft  certainly 
attract  each  other,  on  account  of  the  attrac- 
tion exifting  between  the  fuperfluous  elec- 
tric fluid  of  the  bodies  electrified  pofi lively, 
and  the  undercharged  matter  of  the  bodies 
deCtrified  negatively. 


As  to  the  repul  lion  exifting  between  bo- 
dies pofleffed  of  the  fame  Electricity ; in  or- 
der to  underftand  its  explanation  thorough- 


ly, the  reader  muft  be  reminded  of  the 
principle  mentioned  in  the  preceding  part, 
which  is,  that  no  Electricity,  /.  e.  the  elec- 
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trie  fluid  proper  to  a body,  can  neither  be 
augmented  nor  diminifhed  upon  the  furface 
of  that  body,  except  the  faid  furface  is  con- 
tiguous to  an  Electric,  which  can  acquire  a 
contrary  Electricity  at  a little  diftance ; from 
whence  it  follows,  that  no  Electricity  can 
be  dilplayed  upon  the  facing  furfaces  of  two 
bodies  that  are  fuflicientiy  near  one  another* 
and  both  poflefled  of  the  fame  Electricity  % 
for  the  air  that  ftands  between  thofe  contigu- 
ous furfaces  has  no  liberty  of  acquiring  any 
contrary  Electricity.  This  being  premifed, 
the  explanation  of  Electric  repulfion  becomes 
very  eafy.  Suppofe,  for  inftance,  that  two 
fmall  bodies  are  freely  fufpended  by  infulated 
threads,  fo  that  when  they  are  not  electrified 
they  may  hang  contiguous  to  one  another. 
Now  fuppofe  thofe  bodies  to  be  electrified 
either  pofitively  or  negatively,  and  then  they 
muft  repel  one  another ; for  either  the  in- 
creafed,  or  the  diminifhed  natural  quantity  of 
electric  fluid  in  thofe  bodies,  will  endeavour 
to  diffufe  itfelf  equally  over  every  part  of  the 
furfaces  of  thofe  bodies  ; and  this  endeavour 
will  caufe  the  faid  bodies  to  recede  from 
each  other,  fo  that  a quantity  of  air  may  be 
interpofed  between  their  furfaces,  fuffieient 

to 
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to  acquire  a contrary  Electricity  at  a little 
difiance  from  the  faid  furfaces.— Qtherwifo, 
if  the  bodies-  pofTeffed  of  the  fame  Electri- 
city, do  not  repel  each  other,  fo  that  a fuffi- 
cient  quantity  of  air  may  be  mterpofed  be- 
tween their  furfaces,  the  increafed  quantity 
of  electric  fluid,  when  the  bodies  are  elec- 
trified pcfltivdy,  or  the  remnant  of  it,  when 
the  bodies  are  electrified  negatively,  by  the 
above  principle,  cannot  be  difiiifed  equally 
throughout,  or  over  the  furfaces  of  thofe 
bodies ; for  no  Eledtricity  can  appear  upon 
the  furfaces  of  bodies  in  contadi,  or  that  are 
very  near  one  another.  But  the  elediric  fluid* 
by  attracting  the  particles  of  matter,  endea- 
vours to  diffufe  itielf  equally  throughout,  or 
over  the  furfaces  of  thofe  bodies ; therefore 
the  faid  bodies  are,  by  this  endeavour,  forced 
to  repel  one  another. 

I think  it  is  unncceffary  to  infill  further 
upon  the  above  explanation;  for  the  princi- 
ple, upon  which  it  depends,  ieems  univer- 
sal and  clear,  fo  that  it  may  be  eafily  applied 
to  explain  eledlric  repulfion  in  genera],  as 
well  as  the  repulfion  between  the  above- 
mentioned  two  bodies. 

The 
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The  charging  of  coated  glafs,  and  other 
Eledrics,  as  well  as  the  other  phenomena  of 
Eledricity,  may  alfo  be  ealily  accounted  for 
by  the  above-mentioned  hypothecs  of  Elec- 
tricity ; but  I think  it  unneceffary  to  enu- 
merate and  account  for  all  the  particulars 
in  this  place,  as  we  fhall  have  occaiion  to 
fpeak  of  them  in  the  explanation  of  the  ex- 
periments in  the  third  part. 

' t • - ' 'V 

CHAP.  II. 

*  *  * r 

Of  the  Nature  of  the  electric  Fluid . 

EIE  human  mind,  never  fatisfied,  after 
the  caufe  of  fome  effeds  has  been  dis- 
covered, or  only  guelfed  at,  attempts  to  in- 
veftigate  fome  more  intimate  quality,  and 
even  the  origin  of  that  fuppofed  caufe, 
making  further  fuppofitions,  and  framing 
other  hypothefes,  which,  by  the  courfe  of 
things,  mud:  certainly  be  lefs  probable  than 
the  former.  This  unlimited  endeavour  to  ac- 
quire knowledge  is  often  too  ridiculous  to 
be  purfued,  on  account  of  its  abftrufenels 
and  uncertainty,  efpecially  when  the  fteps 
immediately  preceding  the  fubjed  in  hand 
have  but  a fmall  degree  of  probability.  It 
is  from  hence  that  Philofophers  have  fre- 
1 ' quently 
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quently  fpent  a great  deal  of  time,  and  trou- 
ble, in  attempting  to  difcover  the  properties 
and  caufes  of  what  exifted  only  in  their  own 
imaginations.  Sometimes,  however,  when 
a fuppofed  exigence  comes  fo  very  near  to 
truth,  that  the  moft  fceptic  Philofopher  he- 
fitates  not  to  confefs  the  probability  of  it* 
or  when  he  can  invent  no  argument  to  evince 
the  contrary,  then  it  is  not  only  allowable, 
but  neceflary  for  the  bufinefs  of  Philofophy, 
to  purfue  the  inquiry  further,  and,  if  no- 
thing elfe  can  be  afcertained,  at  lead:  to  pro* 
pofe  fome  further  conjectures  upon  the  for- 
mer hypothefis.  This  now  is  the  cafe  in 
the  fcience  of  EleCtricity;  and  after  we  havd 
related  the  moft  plaufible  hypothefis  as  yet 
offered,  /.  e . that  of  a Angle  elaftic  fluid,  we 
come  in  this  place  to  confider  the  effence  of 
this  fluid,  in  order  if  poflible,  that  we  might 
attain  to,  at  leaft,  fome  probable  conjecture 
refpeCting  its  materials. 

When  nothing  more  than  eleCtric  attrac- 
tion and  repulfion  had  been  obferved.  Elec- 
tricians fuppofed  that  thefe  were  effected  by 
a kind  of  unCtuous  effluvia  proceeding  im- 
mediately from  the  electrified  body;  but 

I when 
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when  the  light,  the  burning  quality,  the 
phofphoreal  fmell,  &c.  was  perceived  to  be 
produced  by  excited  Eledtrics,  then  it  was 
naturally  fuppofed,  that  the  eledtric  fluid 
was  of  the  fame  nature  with  fire.  This  opi- 
nion has  prevailed  much  among  feveral 
Philofophers,  and  it  is  from  hence,  that 
the  eledtric  fluid  has  been  commonly  called 
Eledtric  Fire.  Befides  this  fuppofed  identity 
of  the  eledtric  fluid,  and  the  element  of  fire, 
there  have  been  two  other  opinions  con- 
cerning the  eflence  of  this  fluid ; it  having 
been  thought  by  fome  to  be  the  ether  of 
Sir  Isaac  Newton,  and  by  others  (whofe 
opinion  feems  to  be  the  moft  probable)  to 
be  a fluid  Jui  generis , /.  e.  different  from  all 
other  known  fluids. 

In  order  the  more  regularly  to  examine 
thefe  conjedtures,  it  will  be  neceflary  to  pre- 
mife  fomething  in  regard  to  the  nature  of 
fire,  at  leaf!  fo  much  as  is  fufRcient  for  the 
prefent  purpofe. 

*■ 

The  element  of  fire  may  be  confidered  in 
regard  to  its  origin,  to  the  different  flates  of 
its  exigence,  and  to  its  effedts.  In  regard  to 

its 
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its  origin  it  is  commonly  fpecified  under  the 
names  of  Celeflial,  Subterraneous,  and  Cu- 
linary Fire ; undemanding  by  the  firft,  that 
which  proceeds  from  the  fun,  and,  by  being 
difperfed  throughout  the  univerfe,  gives  life 
and  motion  to  almoft  every  thing  that  exifls ; 
by  the  fecond,  that  which  is  the  caufe  of 
volcanos,  hot  fprings,  &c.  and  laflly,  under 
the  name  of  Culinary  Fire,  underflanding 
that  which  is  commonly  produced  upon  the 
earth,  by  burning  feveral  fubflances.  Thefe 
diflindtions  however  are  little  if  at  all  ufe- 
ful ; for,  whatever  be  the  origin  of  fire,  its 
effedts  are  always  the  fame. 

In  refpedt  to  the  different  flates  of  its  ex- 
igence, the  Chymifts  know  only  two ; the 
firft  obvious  one,  and  indeed  that,  to  which 
only  is  given  the  name  of  Fire,  is  that  ac- 
tual agitation  of  the  particles  of  that  ele- 
ment, which  produces  the  complex  idea  of 
, lucid,  hot,  ■ &c.  that  is  commonly  under- 
flood under  the  name  Fire;  and  the  other 
Hate  is  the  real  principle  of  fire  exifting  as 
a conflituent  principle  in  feveral,  and  per- 
haps all  fubflances ; or,  that  matter,  whofe 
particles,  when  agitated  in  a peculiar  and 
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violent  manner,  produce  the  common  fen- 
ffble  fire. 

This*  which  we  may  call  fire  in  an  in- 
active Hate,  is  the  Phlogifton  of  the  Chy- 
mifts,  and  is  that,  which  when  united  in  a 
fufficient  quantity  with  other  fubftances, 
renders  them  inflammable.  It  feems  evi- 
dent that  this  principle  does  really  exift;  for 
we  may  transfer  it  from  one  body  to  another ; 
we  may  render  a body  inflammable,  which 
in  its  own  nature  is  not  fo,  by  fuperinducing 
on  it  the  phlogifton ; and  we  may  reduce  a 
body  naturally  inflammable,  to  a fubftance 
not  inflammable,  by  depriving  it  of  its 
phlogifton. 

Now  the  electric  fluid,  as  far  as  wc  can 
determine,  bears  but  a very  fmall  refem- 
blance  to  the  above-mentioned  two  ftates  of 
fire ; for  although  it  exifts  in  different  bo- 
dies, as  the  phlogifton,  yet  when  we  com- 
pare its  other  attributes  with  thofe  of  fire, 
we  then  immediately  perceive  it  to  be  not 
the  fame,  but  a different  principle.  In  the 
fir  ft  place,  if  they  were  both  the  fame  thing, 

they  fhould  be  always  together,  and  when- 
ever 


on  Electricity.  117 

ever  a certain  quantity  of  fire  exifts,  there 
the  fame  quantity  of  eleCtric  fluid  fhould  be 
found;  but  this  is  contrary  to  experiments  •, 
for  a piece  of  metal  or  other  fubftance  may 
acquire  a great  degree  of  heat  without  ap- 
pearing at  all  eleftrified ; and  on  the  other 
hand,  may  be  ftrongly  ele&rified  without 
acquiring  by  it  any  fenfible  degree  of  heat, 
or  any  addition  to  its  phlogifton.  Se- 

condly, fire  penetrates  every  known  fub- 
ftance, and  an  exceedingly  fmall  quantity 
of  it  is  diffufed  alike  throughout  bodies  of 
every  kind;  whereas  the  eleCtric  fluid  per- 
vades only  Conductors  Thirdly,  the 
eleCtric  fluid  goes  through  a very  long 
Conductor  in  a fpace  of  time  almoft  in- 
ftantaneous ; but  fire  is  very  flowly  propa- 
gated. I might  enumerate  feveral  other 
improprieties  attending  this  hypothefis  of 
the  famenefs  of  fire  and  the  eleCtric  fluid, 
but  thofe  already  mentioned  are,  I think, 
fufficient  to  induce  my  readers  to  fuppofe 
otherwife. 

• Here  may  be  obferyed,  that  heat  pervades  more 
eafily  the  fubftance  of  fome  good  Conductors  of  Elec- 
tricity; the  rule  however  is  not  general. 
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Dr.  Priestley,  on  obferving  that  the 
eledtric  explofion,  taken  in  different  kinds 
of  air,  adts,  in  general,  like  other  phlogiftic 
proceffes,  fuppofes  that  the  eledtric  matter 
either  is,  or  contains,  phlogifton  *.  In 
regard  to  this,  I would  obferve,  that  there 
is  no  neceffity  of  fuppofing  the  eledtric 
matter  either  to  be,  or  contain  phlogifton, 
on  that  account ; for  the  phlogifton,  in  this 
cafe,  may,  by  the  force  of  the  eledtric  ex- 
plofion, be  extricated,  either  from  the  fur- 
face  of  the  Condudtors,  between  which  the 
explofion  is  taken,  or  from  particles  of  he- 
terogeneous matter  floating  in  that  air,  in 
which  the  explofion  is  made 

In  regard  to  the  fimilarity  between  thft 
effedts  of  fire,  and  the  effedts  of  the  electric 
fluid,  it  will  be  very  obvious  to  remark, 
that  although  fire  is  in  feveral  instances 
produced  by  the  eledtric  fluid,  yet  we  fhould 
never  confound  the  one  with  the  other,  and 

* Obfervations  on  different  Kinds  of  air,  vol.  II, 
fee.  XIII. 

t See  my  Treatife  on  Air,  &c.  p.  433. 
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confider  them  both  as  the  fame  thing ; for 
it  is  well  known  that  fridtion  produces  fire, 
and  it  is  by  no  means  furpriling  that  the 
eledtric  fluid,  by  the  rapidity  of  its  motion, 
through  fubftances,  that  in  fome  manner 
obftrudt  its  paflage,  fhould  generate  light, 
heat,  rarefaction,  and  the  other  effedts  of 
fire  *. 

Mr.  Henly,  in  confequence  of  feverai 
very  interefting  experiments,  made  by  him- 
felf,  fuppofed,  that,  although  the  eledtric 
fluid  may  be  neither  phlogifton  nor  fire,  yet 
that  it  is  a modification  of  that  element, 
which,  while  in  a quiefcent  ftate,  is  called 
Phlogifton,  and  when  violently  agitated  is 
called  Fire.  We  conftantly  obferve  (fays 
he)  I.  That  if  two  bodies  that  have  an 
equal  quantity  of  phlogifton  (which  is  the 
cafe  with  bodies  of  the  fame  kind,  as  glafs 
and  glafs,  metal  and  metal,  &c.)  be  rubbed 
together,  they  acquire  either  very  little, 
or  no  Eledtricity  at  all.  II.  That  as  one  of 

* Here  it  is  proper  to  obferve,  that  the  eledtric  fluid 
fhows  no  effedts  of  fire,  except  when  it  goes  through 
fcme  medium  that  obftrudts  its  free  paflage. 
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the  bodies  has  a greater  quantity  of  phlo-* 
gifton  than  the  other,  fo  they  acquire  a 
greater  quantity  of  Eledlricity,  as  when 
glafs  is  rubbed  with  metal.  III.  That  a 
certain  degree  of  Trillion  produces  Electri- 
city, and  that  a more  violent  fridtjon  pro^- 
duces  fire,  but  no  Electricity,  as  may  be  ob- 
ferved  by  rubbing  together  two  pieces  of 
baked  wood,  of  glafs,  &c.  IV.  And  that  in 
general,  bodies,  poffeffed  of  a greater  quan- 
tity of  phlogifton,  give  the  electric  fluid  to 
bodies  that  have  lets  of  it,  /.  e.  they  acquire 
the  negative  Electricity,  when  rubbed  with 
bodies  that  have  a lefs  quantity  of  phlo- 
gifton 

* Mr.  Henly,  in  order  to  try  what  Electricity  dif- 
ferent  fubftances  would  acquire,  infulated  them  upon 
flicks  of  fealing  wTax,  and  rubbed  them  againfi  his  woollen 
coat,  or  waiftcoat.  In  this  manner  he  tried  a vaft  num- 
ber of  vegetable,  animal,  mineral,  and  artificial  fub- 
ftances ; and  he  difcovered  a very  remarkable  law,  which 
is,  that  fuch  fiibflances,  which  have  a great  quantity  of 
phlogifton,  as  vegetable  fubftances,  and  particularly  the 
fiot,  aromatic  plants  and  feeds,  he. give  the  electric  fluid; 
that  is,  they  acquire  the  negative  Electricity  when  rubbed 
againfi  the  woollen  cloths ; and,  that  fuch  fubftances, 
which  have  but  little  plogifton  (as  moft  animal  fub- 
flances)  acquirt  the  electric  fluid  from  the  faid  cloths,  i,e* 
they  are  electrified  pofitively.  See  the  Phil.  Tranf.  for 
the  year  j 777. 
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From  fhefe  obfervations  we  gather,  that 
the  elettric  fluid,  and  fire,  are  produced  by 
fimilar  operations,  and  are  both  extracted 
from  bodies  abounding  with  phlogifton : 
and  hence  he  concludes,  that  the  phlo- 
gifton, the  eiedtr-ic  fluid,  and  fire,  are  only 
different  modifications  of  the  very  fame 

**  v 

element  j the  firft  being  its  quiefeent  ftate 
of  exiftence,  the  fecond  its  firft  attive,  and 
the  laft  its  more  violent  ftate  of  agitation  r 
like  fermentation  producing  firft  wine,  fe- 
£andly  vinegar,  laftly  putrefaction. 

As  to  the  identity  of  the  Ele&ric,  and  the 
ethereal  fluid,  it  feems  to  me  quite  an  im- 
probable, or  rather  a futile  and  infignificant 
hypothefis ; for  this  ether  is  not  a real, 
exifting,  hut  merely  an  hypothetical \ fluid , 
fuppofed  by  different  Philofophers  to  be 
endued  with  different  properties,  and  to  be 
an  element  of  feveral  principles.  Some 
fuppofe  it  to  be  the  element  of  fire  itfelf, 
others  make  it  the  caufe  of  attradlion,  others 
again  derive  animal  fpirits  from  it,  &c. ; 
but  the  truth  is,  that  not  only  the  offence, 
or  properties,  of  this  fluid,  but  even  the 
reality  of  its  exiftence  is  abfolutely  un- 
known, 

■ ’ * 
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According  to  Sir  Isaac  Newton’s 
fuppofition,  this  ether  is  an  exceedingly 
fubtle  and  elaftic  fluid,  difperfed  through- 
out all  the  univerfe,  and  whofe  particles 
repel  the  particles  of  other  matter.  But 
on  this  fuppofition  the  eledric  fluid  is  dif- 
ferent from  ether ; for,  although  the  for- 
mer is  fubtle,  and  elaftic,  like  the  latter, 
yet  (as  Dr.  Priestley  obferves)  it  is  not 
repulfive  like  the  ether,  but  attractive  of  all 
other  matter. 


\ 
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C H A P.  III. 

Of  the  Nature  of  Ele dries  and  Conductors. 

THE  remarkable  difference  existing 
between  the  two  clafles  of  bodies  in 
regard  to  Electricity,  i.  e . EleCtrics  and 
Conductors,  naturally  induces  an  Electri- 
cian to  inquire  what  is  that  principle  in 
bodies,  or  by  what  mechanifm  fome  fub- 
ftances  become  capable  of  tranfmitting  the 
eleCtric  fluid,  whilfl:  others  are  impervious 
to  it  ? 

\n  regard  to  the  explanation  of  thefe  two 
remarkable  properties,  there  have  been,  as 
might  be  expeCted,  feveral  conjectures  of- 
fered ; but,  except  one  probable  hypothefis, 
there  is  nothing  as  yet  afcertained.  When 
the  catalogue  of  EleCtrics  and  Conductors 
was  very  fhort  and  imperfeCt,  it  was  fup- 
pofed  that  the  only  two  conducting  princi- 
ples were  metals,  and  water ; and  that  all 
fubftances  were  nearer,  or  further  from  the 
nature  of  a perfeCt  Conductor,  in  proportion 
as  they  contained  a greater  or  lefs  quan- 
tity 
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tity  of  the  above  principles  in  their  com- 
pofition.  Wood,  for  inftance,  was  fup- 
pofed  to  be  a Conductor  only  on  account 
of  the  water  it  contained  within  its  pores ; 
accordingly,  it  was  obferved,  that  the 
greater  quantity  of  moifture  the  wood  con- 
tained, the  better  Conductor  it  proved  to 
be,  and  on  the  contrary,  that  it  ailed  more 
like  an  EleCtric,  in  proportion  as  it  was 
freed  from  its  moifture,  But  when  water 
itfelf  was  obferved  to  be  a bad  Conductor, 
and  hot  air,  and  charcoal  to  be  good  Con- 
ductors, efpecially  the  latter,  which  fub- 
ftances,  it  is  well  known,  contain  no  water 
nor  metal,  at  leaft  not  in  fuch  a quantity 
as  is  fufficient  to  change  a non-conduCting 
fubftance  into  a Conductor,  then  the  for- 
mer fuppofition  was  laid  alide,  and  another 
was  offered  by  Dr.  Priestley,  in  his  fe- 
cond  volume  of  Obfervations  on  the  differ- 
ent Kinds  of  Air  which  feems  to  be  well 
founded, 

w,  ; ^ \ ■ . '.>■«(  - * 

The  DoClor,  conlidering  what  the  print 
ciple  is,  which  Conductors  poftefs  in  com- 

* Sec,  XIV. 
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mon,  and  finding  one  of  their  common  in- 
gredients to  be  the  phlogiflon,  deduces 
from  thence,  that  the  conducting  quality 
is  abfolutely  owing  to  the  phlogiflon. 
“ Had  there  been  (fays  he)  any  phlogiflon 
“ in  water,  I ihould  have  concluded,  that 
“ there  had  been  no  conducting  power  in 
“ nature ; but  in  confequence  of  fome 
“ union  of  this  principle  with  fome  bafe. 
“ In  this,  metals  and  charcoal  exaCtly 
“ agree : — while  they  have  the  phlogiflon, 

a 

“ they  conduCt ; when  deprived  of  it,  they 
“ will  not  conduCtf " 

\ 

And  in  a note  to  this  paragraph,  he  fub- 
joins : 

“ Having  fince  found,  that  long  agitation 
u in  the  pureft  water  injures  air,  fo  that 
“ a candle  will  not  bum  in  it  afterwards, 
“ which  is  precifely  the  effeCt  of  all  phlo- 
" giflic  proceffes,  I now  conclude  that  the 
“ maxim,  luggefled  in  this  paragraph,  is 
“ univerfally  true/" 

I .V 

This  hypothefis  feems  very  ingenious 
and  probable;  and,  till  any  other  more 

plaufible 
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plaufible  be  offered,  or  experiments  contra- 
did:  it,  I think  we  may  fafely  make  ufe  of 
it  in  purfuing  our  eledrical  inveftigations, 
and  endeavour  to  reconcile  to  it  the  pheno- 
mena already  difcovered  in  Eledricitv. 


CHAP.  IV, 

Of  the  'Place  occupied  by  the  eleffric  Fluid . 

BEFORE  we  quit  the  hypothetical 
part  of  this  Treatife,  it  may  be  proper 
to  fay  fomething  concerning  the  refidence 
of  the  eledric  fluid,  either  natural  to  a 
body,  or  fuperinduced  on  it.  That  the 
eledric  fluid,  proper  to  a body  when  in  its 
natural  ftate,  is  equally  diffufed  throughout 
all  its  fubftance,  I think  no  one  will  deny ; 
becaufe  that  fluid  is  attradive  of  the  parti- 
cles of  all  other  matter,  and  the  parti- 
cles of  other  matter  are  attradive  of  the 
eledric  fluid  ; and  as  this  attradion  is  in 
proportion  to  the  quantity  of  homogeneous 
matter,  any  quantity  of  matter  will  cer- 
tainly attrad  a quantity  of  eledric  fluid 
proportionable  to  itfelf;  therefore,  the 

eledric 
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eledric  fluid  mufl:  be  equally  diffufed 
throughout  all  the  parts  of  that  portion  of 
matter.  This  propofition,  however,  will  * 
take  place  only  in  fpeaking  of  Condudors ; 
for  it  is  founded  upon  the  fuppolition,  that 
the  eledric  fluid,  proper  to  a body  in  its 
natural  ftate,  does  freely  pervade  that  fub- 
ftance ; but  whether  this  is  a fad  refped- 
ing  Eledrics,  or  not,  hath  not  hitherto  been 
afcertained.  As  far  as  maybe  judged  from 
experiments,  I fhould  fuppofe  this  rule  to 
hold  good  with  Eledrics  alfo;  and  my 
fuppofition  is  founded  upon  the  following 
reafoning : — All  the  Eledrics,  when  made 
very  hot,  become  Condudors  * ; in  tnat 
ftate,  therefore,  the  above  rule  mufl:  hold 
good,  /.  e.  the  eledric  fluid,  proper  to  their 
quantity  of  matter,  mufl:  be  equally  dif- 
fufed throughout  their  lubftance  : and  as 
all  the  Eledrics  in  nature,  before  they  be- 
came fuch  (we  may  fuppofe)  were  Con- 
dudors; in  that  ftate  they  certainly  had 

* As  this  propofition  has  been  found  true  in  all  the 
experiments  hitherto  made,  I think  it  ma y be  con- 
fidered  very  properly,  as  a general  law  in  the  fcience  of 
Eleftricity. 


their 
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their  proper  fhare  of  fluid.  Now  as  they 
afterwards  cool,  and  become  Electrics,  it 
fhould  feem  that  the  change  of  their  na- 
ture could  not  affect  the  equal  diffufion  of 
the  electric  fluid,  which  took  place  whilft 
they  were  in  a conducing  ftate  In  con- 
fequence  of  this  conflderation,  the  differ- 
ence between  a Condudtor  and  a Non- 
conductor, in  regard  to  their  natural  quan- 
tity of  electric  fluid,  is  that  in  the  former, 
the  fluid  may  eafily  move,  whereas  in  the 
latter,  it  is  confined  in  its  pores.  But  it 
may  be  alked,  whether  a quantity  of  elec- 
tric matter  contains  as  much  electric  fluid 
as  an  equal  quantity  of  conducting  matter ; 
a piece  of  rofin,  for  inftance,  when  melted, 
does  it  contain  more,  lefs,  or  the  fame 
quantity,  of  electric  fluid  as  when  cold  ? 
To  this  queftion  I can  give  no  fatisfa.clory 
anfwer ; for,  by  the  experiments  hitherto 
made,  nothing  certain  has  been  deter- 
* \ 

* The  only  Vonfideration  which  feems  to  oppose 
Tome  difficulty  to  this  hypothecs,  is  the  property  which 
feveral  eledtric  fubftances  have  of  becoming  electrical 
by  cooling  or  coagulating.  See  the  4th  chap,  of  the 
preceding  part. 
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mined.  Dr.  Priestley,  in  order  to  as- 
certain this  matter,  made  the  following  ex- 
periment He  made  a piece  of  glafs  red- 
hot  (in  which  flate  it  is  a Conductor)  and 
placing  it  upon  an  infulated  piece  of  cop-, 
per,  left  it  in  that  fituation  till  quite  cold 
(i.e.  till  it  became  an  Electric) ; but  in  all 
the  time  of  its  cooling,  no  Electricity  of  any 
kind  was  perceived,  either  in  the  copper  or 
glafs ; which  would  have  certainly  been  the 
cafe,  if  the  piece  of  glafs  had  contained 
either  more  or  lefs  fluid  when  in  an  Elec- 
tric, than  when  in  a conducting  date 
This  experiment  feems  to  give  a decifive 
anfwer  to  the  above  queftion ; but  when  the 
experiments,  mentioned  in  the  fird  part,  of 
melting  an  eledtric  fubftance  into  another, 
and  other  facts  of  a flmilar  nature,  are  duly 
considered,  they  feem  to  make  the  anfwer 
again  difficult  It  mud  therefore  be  con- 

fefled, 

» ir 

t*  r. 

* Hiflory  of  Ele&ricity,  p.  716. — Experiments  of 
r iimilar  nature  are  met  with  in  BjECCAria’s  Eleclri*- 
cifmo  Artificial.  : * 

t The  wax- chandler?,  in  forming;  their  mafis  into 
feicks,  &c.  find  it  fo  itrongly  attradive  of  dull,  &c. 
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fefled,  that  this  matter  remains  as  yet  un- 
fettled ; and  nothing  but  further  experi- 
ments, and  the  difcovery  of  other  facts,  can 
determine  any  thing  fatisfaCtory  about  it. 

In  refpeCt  to  the  place  occupied  by  the 
electric  fluid  fuperinduced  on  a body,  it 
has  been  thought,  by  feveral  ingenious  per- 
fons,  that,  when  a body  is  electrified,  all 
the  fuperfluous  fluid,  or  all  the  deficiency 
of  it,  in  cafe  the  body  is  electrified  nega- 
tively, refides  as  a kind  of  atmofphere  all 
around  the  body ; to  this  atmofphere  they 
attribute  the  phofphoreal  fmell,  and  that 
tickling  fenfation  produced  by  an  excited 
EleCtric ; and  they  even  fuppofe  that  thefe 
atmofpheres  may  be  made  vifible.  But  to 
this  afiertion  it  is  anfwered  by  others,  that 
if  the  EleCtricity  communicated  to  a body 
did  refide  round  it  like  an  atmofphere,  it 
fhould  certainly  repel  the  air  contiguous  to 
that  body;  but  this  is  not  the  refult  of  ex- 

that  they  are  obliged  to  ufe  great  caution  in  keeping  it 
at  a fufficient  diftance  from  the  charcoal  fire,  oyer  which 
they  work,  left  it  fhould  (as  fomctimes  happens)  cover 
itfelf  with  allies,  and  thus  fpoil  the  work. 


penments ; 
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periments ; for  it  has  been  found  that  the 
electric  atmofphere,  however  denfe,  if  it 
does  at  all  exift,  has  no  effect  upon  the  air 
contiguous  to  the  electrified  body,  nor  has 
the  motion  of  the  air,  even  a violent  wind, 
any  effect  upon  the  atmofphere.  In  regard 
to  the  above-mentioned  fenfations  of  phofr 
phoreal  fmell,  &c,  it  is  thought  that  they 
are  only  occafioned  by  the  electric  fluid 
entering  of  going  out  of  the  fkin  in  a very 
fubdivided  manner, 

From  what  may  be  deduced  frqm  expe-r 
riments,  it  appears  that,  although  the  elec- 
tric fluid  is  tranfmitted  through  the  fub* 
fiance  of  Conductors,  yet  no  communi- 
cated Electricity  can  be  obferved  within  a 
fufficiently  narrow  cavity  of  an  electrified 
body;  befides,  if  two  bodies  of  the  fame 
fize  and  figure,  but  of  different  denfities,  are 
electrified  together,  and  afterwards  fepa- 
rated,  they  will  acquire  each  the  fame  quan- 
tity of  Electricity ; /.  e.  the  Electricity  that 
they  acquire  will  be  proportional  to  their 
furfaces,  and  not  to  their  refpectiye  quan- 
tities of  matter. 
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We  may  laftly  conclude,  that  the  Elec- 
tricity communicated  to  a body,  lies  not 
diffufed  throughout  the  fubftance  of  that 
body,  but  on  that  furface  of  it  which  is 
contiguous  to  a free  Eledtric,  u e.  to  an 
Eledtric,  that  is  not  furrounded  by  an  ho- 
mologous Eledtricity, 


1 
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part  III. 

PRACTICAL  ELECTRICITY. 


C H A P.  I. 

Of  the  electrical  Apparatus  in  general. 

’ * 1 t 

* * 

tTITHERTO  we  have  treated  of 
J.  Electricity  only  theoretically,  hav- 
ing noted  what  has  been  found  uniformly 
certain  relative  to  this  fubjedt,  and  having 
exhibited  a view  of  the  inoft  probable  con- 
jectures offered  in  explanation  of  electri- 
cal appearances  ; but  Electricity  being  a 
fcience  that  requires  a more  practical  ma- 
nagement, than  perhaps  any  other  branch 
of  natural  philofophy,  it  is  neceflary  that 
we  fhould  now  treat  of  it  practically,  and 
give  the  beft  directions  we  are  able,  both  in 
regard  to  the  conftruclion  of  the  neceffary 
apparatus,  and  to  the  performance  of  the 
experiments  not  only  requifite  in  proving 
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the  foregoing  Proportions,  but  fuch  alfo  as 
are  pleafing  and  entertaining; 

In  this  part  of  my  work  the  reader  will 
perhaps  find  more  novelty  than  he  ex- 
perts ; for,  confidering  the  number  of  books 
that  have  been  lately  published  on  this 
fubjeCl,  one  would  imagine  that  all  the  ex- 
periments poffible  to  be  exhibited  with 
an  electrical  machine*  and  its  appendages* 
have  already  been  defcribed.  The  cafe 
however  is  much  the  contrary  * for  not  only 
the  old  experiments  have  been  diverfified, 
but  a variety  of  new  ones  have  been  in- 
vented, and  even  the  principal  part  of  the 
apparatus  has  undergone  feveral  changes 
and  improvements* 

In  order  the  more  Regularly  to  proceed 
in  the  defcription  of  the  eleClrical  appara- 
tus, it  will  not  be  improper  to  divide  its 
parts  into  three  dalles*  confidering  in  the 
firft,  the  inftruments  neceflary  to  produce 
EleCtricity  * in  the  fecond,  thofe  proper  to 
accumulate,  retain,  and  employ  it ; and 
daftly*  thofe  necefiary  to  metffure  its  quan- 
tity, and  afeertain  its  quality* 
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The  principal  inftrument  to  produce 
EleCtricity,  is  the  electrical  Machine,  /.  e . 
a machine  capable  by  any  means  of  exciting 
an  EleCtric,  fo  as  to  produce  eleCtrical  ap- 
pearances. The  conftruCtion  of  thofe  ma- 
chines, from  their  firft  invention  to  the  pre- 
fen t time,  has  undergone  fo  many  changes, 
and  their  forms  have  been  fo  much  varied, 
that  it  would  be  very  difficult,  and  even 
tedious,  to  defcribe  thofe  only  which  are 
moft  frequently  in  ufe.  Every  maker,  and 
almoft  every  EleCtrician,  conftruCts  his  own 
machines  in  a manner  different  from  the 
reft ; and,  as  new  faCts  or  long  practice 
points  out  fome  imperfections,  the  Elec- 
trician is  ready  to  contrive  a new  method 
to  correCt  the  preceding  errors.  Indeed 
the  rapid  advance  of  the  fcience  is  moftly 
owing  to  this  change,  and  variety  of  con- 
ftruCtions  ; for  whether  cafual,  or  defigned, 
a new  conftruCtion  has  generally  either 
produced  fome  difeovery  of  importance,  or 
expofed  fome  defeCt  in  the  apparatus,  and 
management  of  the  fame. 

That  the  reader  may  be  left  at  the 
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liberty  of  choohng  the  form  of  his  ma- 
chine, I ihall  in  this  chapter  lay  down  the 
mod:  neceffary  rules  to  condrudt  eledtrical 
machines  in  general ; and  Ihall  referve  for 
the  next  chapter  the  particular  defcription 
of  fome  machines,  that  are  the  mod  ufeful, 
and  which  contain  all  the  improvements 
hitherto  made* 

The  principal  parts  of  the  machine  are 
the  Electric,  the  moving  Engine,  the  Rub- 
ber, and  the  prime  Conductor,  L e.  an  in- 
fulated  Conductor,  which  immediately  re- 
ceives the  Eledtricity  from  the  excited 
Eledtric* 

/ 

f . ; . 

The  Eledtric  was  formerly  ufed  of  dif* 
ferent  fubdances,  as  glafs,  rofin,  fulphur, 
fealing-wax.  Sec. ; and  of  different  forms* 
as  cylinders,  globes,  fpheroids.  Sec.  This 
diverfity  then  obtained  on  two  accounts ; 
fird,  becaufe  it  was  not  afcertained*  which 
fubdance  or  form  would  anfwer  bed  > and 
fecondly,  on  account  of  producing  a nega- 
tive or  pofitive  Eledtricity,  at  the  pleafure 
of  the  operator ; for  before  the  Eledtricity 
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t)f  the  infulated  rubber  was  difcovered,  ful- 
phur,  rough  glafs,  or  fealing  wax,  was 
generally  ufed  for  the  negative  Eledtricity. 
At  prefent,  fmooth  glafs  only  is  ufed  ; for 
whtMi  the  machine  has  an  infulated  rub- 
ber, the  operator  may  produce  poiitive  or 
negative  Electricity  at  his  pleafure,  with- 
out changing  the  Eledtric.  In  regard  to 
the  form  of  the  glafs,  thofe  commonly  ufed 
at  prefent  are  globes  and  cylinders.  The 
moft  convenient  fize  for  a globe,is  from  nine 
to  twelve  inches  diameter  : they  are  made 
with  one  neck,  which  is  cemented  * to  a 
ftrong  brafs  cap,  in  order  to  adapt  them  to  a 
proper  frame.  The  cylinders  are  made  with 
two  necks ; they  are  moftly  ufed  without 
any  axis  'f',  and  their  more  ufual  fize  is  from 
four  inches  diameter  and  eight  inches  long, 

* The  belt  cement  for  electrical  purpofes  is  made 
•with  two  parts  of  rofin,  two  of  bees-wax,  and  one  of 
the  powder  of  red  okre.  Thefe  ingredients  are  melted, 
and  mixed  together  in  any  veftel  over  the  fire ; and 
afterwards  kept  for  ufe.  This  kind  of  cement  flicks 
very  fall,  and  is  much  preferable  to  rofin  alone,  as  it  is 
not  fo  brittle,  and  at  the  fame  time  infulates  equally  well* 

+ It  is  not  improper  to  flrengthen  the  very  large  cy- 
linders by  means  of  a glafs  axis,  yhz.  a folid  Rick  of  glafs 
from  one  cap  to  the  other. 


-w. 


to 


1$8  A Complete  Treatise 

to  twelve  or  eighteen  inches  diameter  and 
two  feet  long;  though  fome  have  been  made 
in  London  even  of  twenty-four  inches  in 
diameter*  The  glafs  generally  ufed  is  the 
beft  flint,  though  it  is  not  yet  abfoluteljule- 
termined,  which  kind  of  metal  is  the  beft  for* 
electrical  globes,  or  cylinders*  The  thick- 
nefs  of  the  glafs  feems  immaterial,  but  per- 
haps the  thinneft  is  preferable.  It  has  often 
happened,  that  glafs  globes,  and  cylinders, 
in  the  aCt  of  whirling,  have  burft  in  innu- 
merable pieces,  with  great  violence,  and  with 
fome  danger  to  the  by-ftanders.  Thofe  ac- 
cidents are  fuppofed  to  happen  when  the 
globes,  or  cylinders,  after  being  blown,  are 
fuddenly  cooled.  It  will  therefore  be  De- 
cenary to  enjoin  the  workman  to  let  them 
pais  gradually,  from  the  heat  of  the  glafs - 
houfe,  to  the  atmofpherical  temperature. 

It  has  been  long  qtieftioned  whether  a 
coating  of  fome  eleCtric  fubftance,  as  rofin, 
turpentine,  &c.  on  the  infide  lurface  of  the 
glafs,  has  any  effeCt  to  increafe  its  electrical 
power ; but  now  it  feems  pretty  well  deter- 
mined, that  if  it  does  not  increafe  the 
power  of  a good  glafs  globe  or  cylinder,  at 

n leaft 
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leafi  it  does  confiderably  improve  a bad  one* 
I have  feveral  times  put  a coating  of  rolin 
on  the  infide  furface  of  phials  and  tubes, 
and  have  conftantly  found  that  the  worft  of 

1 

them  received  feme  improvement  by  it* 

The  mod  approved  compofition  for  lin- 
ing glafs  globes,  or  cylinders,  is  made  with 
four  parts  of  Venice  turpentine,  one  part  of 
rofin,  and  one  part  of  bees-wax.  This 
compofition  mull  be  boiled  for  about  two 
hours  over  a gentle  fire,  and  mull  be  kept 
ftirring  very  often  s afterwards  it  is  left  to 
cool,  and  referved  for  ufe*  When  a globe 
or  cylinder  is  to  be  lined  with  this  mix- 
ture, a fufficient  quantity  of  it  is  to  be 
broken  into  fmall  pieces,  and  introduced 
into  the  glafs ; then,  by  holding  the  glafs 
near  the  fire,  the  mixture  is  melted,  and 
equally  fpread  over  all  its  internal  furface, 
to  about  the  thicknefs  of  a fixpence.  In 
this  operation  care  mud  be  taken,  that  the 

v- 

glafs  be  made  not  gradually,  and  be  con- 
tinually turned,  fo  as  to  be  heated  equally 
in  all  its  parts,  otherwife  it  is  apt  to  break 
in  the  operation. 


In 
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In  refpedl  to  the  Engine  which  is  to 
give  motion  to  the  Eledtric,  multiplying 
wheels  have  been  generally  ufed ; which, 
properly  adapted,  might  give  the  Electric  a 
quick  motion,  while  they  are  conveniently 
turned  by  a winch.  The  ufual  method  is, 
to  fix  a wheel  on  one  fide  of  the  frame  of 
the  machine,  which  is  turned  by  a winch, 
and  has  a groove  round  its  circumference. 
Upon  the  brafs  cap  of  the  neck  of  the  glafs 
globe,  or  one  of  the  necks  of  the  cylinder, 
a pulley  is  fixed,  the  diameter  of  which  is 
about  the  third  or  fourth  part  of  the  diameter 
cf  the  wheel;  then  a firing  or  firap  is  put 
over  the  wheel  and  the  pulley,  and  by  thefe 
means,  when  the  winch  is  turned,  the 
globe  or  cylinder  makes  three  or  four 
revolutions,  for  one  revolution  of  the 
wheel.  There  is  an  inconvenience  gene- 
rally attending  this  conflrudtion,  which  is, 
that  the  firing  is  fome times  fo  very  flack, 
that  the  machine  cannot  work.  To  reme- 
dy this  inconvenience,  the  wheel  fhould  be 
made  moveable  with  refpedl  to  the  Eledtric, 
fo  that  by  means  of  a fcrew  it  might  be 
fixed  at  the  proper  diflance ; or  elfe  the 
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pulley  fhould  have  feveral  grooves  of  differ- 
ent radii  on  its  circumference. 

It  has  been  cuftomary  with  fome,  to 
turn  the  cylinder  limply  with  a winch, 
without  any  accelerated  motion ; but  that 
has  not  been  thought  fufficient  to  produce 
the  greatefi  eleCtric  power,  the  glals  is  ca- 
pable of  giving  y for  the  globe  or  cylinder 
fhould  properly  make  about  fix  revolutions 
in  a fecond,  which  is  more  than  can  be 
conveniently  done  with  the  winch  only* 
This  method,  however,  has  been  lately 
adopted  by  Mr.  Nairne,  who,  by  a nice 
conftruCtion  of  every  part,  has  produced  a 
very  powerful  electrical  machine  ; of  which 
I lhall  give  a defcription  in  the  fequel. 

Xnftead  of  the  pulley  and  the  firing,  as 
above  defcribed,  a wheel  and  pinion,  or  a 
wheel,  and  an  endlefs  fere  tv,  has  been  alfo 
ufed.  This  conftruCtion  anfyvers  perhaps 
as  well  as  any  other ; but  it  muft  be  con- 
ftrufted  with  great  nicety,  otherwife,  it  is 
apt  to  make  a difagreeable  rattling,  and 
without  frequent  oiling,  loon  wears  away 
by  the  great  friftion  of  its  parts. 
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The  next  thing  belonging  to  the  Eleo 
trical  machine,  neceffary  to  be  defcribed,  i3 
the  rubber,  which  is  to  excite  the  Eleitric, 
The  rubber,  as  it  is  now  made,  is  nothing 
more  than  a filk  cufhion  fluffed  with  hair ; 
and  over  this  cufhion  is  put  a piece  of  lea^ 
ther,  on  which  fome  amalgam  * has  been 
rubbed,  fo  as  to  flick  as  fall  as  pofiible  to 
the  leather.  Some  time  ago  it  was  generally 
ufed,  and  it  is  now  cuftomary  alfo,  to  make 
the  rubber  of  red  bafil  fkin  fluffed  with 
Jiair ; but  the  filk  one,  as  above  defcribed 
(which  is  an  improvement  of  Dr.  Nqqth) 
is  much  preferable.  If  this  filk  cufhion, 
on  account  of  adapting  it  to  the  furface  of 
the  glafs,  is  to  be  fixed  upon  a metal  plate, 
then  care  fhould  be  taken  to  make  the  plate 
free  from  fharp  points,  edges,  or  corners, 

* The  amalgam  has  been  foimd  to  excite  fmooth 
glafs  mofl  powerfully.  Any  metal,  difloIVed  in  quick- 
filver,  will  perhaps  do  equally  well,  but  the  amalgam 
that  has  been  generally  ufed,  is  made  with  two  parts 
of  quickfilver  and  one  of  tin-foil,  with  a fmall  quan- 
tity of  powdered  chalk,  mixed  together  until  it  becomes 
a mafs,  like  pafte.  An  amalgam  made  with  one  part  of 
zinc,  and  four  or  five  parts  of  mercury,  anfwers  ftill 
better,  as  difcovered  by  Dr,  Higgins.  Mojaic  golcl 
may  alfo  be  ufed, 

jipd 
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and  it  fhould  be  as  much  as  poffible  con- 
cealed, or  covered  with  filk.  In  fhort,  to 
conftrudt  the  rubber  properly,  it  muii  be 
made  in  fuch  a manner,  that  the  fide  of  it, 
which  the  furface  of  the  glafs  enters  in 
whirling,  may  be  as  perfedt  a Conductor 
as  it  can  be  made,  in  order  to  lupply  Elec* 
tricity  as  quick  as  poffible ; and  the  oppo- 
site part  fhould  be  as  much  a Non-conduc^ 
tor  as  poffible,  in  order  that  none  of  the 
fluid  accumulated  upon  the  glafs,  may  re^ 
turn  back  to  the  rubber ; which  has  been 
found  by  experiment  to  be  the  cafe,  when 
the  rubber  is  not  made  in  a proper  manner^ 
For  which  reafon  a piece  of  filk  is  alfb  add- 
ed to  the  extremity  of  the  leather. — Mr* 
Nairne’s  rubber  confifts  of  filk  only  put 
over  the  leather  cufhion,  and  very  little 
amalgam  is  ufed  with  it. 

The  rubber  fhould  be  fupported  by  & 
fpring,  by  which  means  it  may  eafily  fait 
any  inequalities  that  may  be  found  on  the 
furface  of  the  glafs  $ and  by  a fcrew  it  may 
be  made  to  prefs  harder  or  fofter,  as  occa- 
fipn  may  require.  It  fhould  alfo  be  infu-t 
Jated  in  whatever  manner  is  moft  conve- 
nient j 
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nient;  for  whenever  infulation  is  not  re- 
quired, a chain  or  wire,  &c.  may  be  occa- 
fionally  hung  upon  it,  and  thus  it  may  be 
made  to  communicate  with  the  earth,  or 
with  any  other  body,  at  pleafure ; whereas, 
when  there  is  not  a contrivance  for  infu- 
lating  the  rubber,  many  of  the  moil  curious 
experiments  in  EleCtricity  cannot  be' per- 
formed with  the  machine. 

We  come  now  to  confider  the  prime  Con- 
ductor, or  firfb  Conductor,  which  is  nothing 
more  than  an  infulated  conducting  fubftance 
furnifhed  with  one  or  more  points  at  one  end, 
rn  order  to  coileCt  the  EleCtricity  immedi- 
ately from  the  EleCtric,  When  the  Con- 
ductor is  of  a moderate  fize,  it  is  ufual  to 
make  it  of  hollow  brafs;  but  when  it  is  very 
large,  then,  on  account  of  the  price  of  the 
materials,  it  is  made  of  palteboard  or  wood, 
covered  with  tin-foil,  of  tin  plates,  or  even 
of  gilt  paper.  The  Conductor  is  generally 
made  cylindrical;  but  let  the  form  be  what 
it  will,  it  fhould  always  be  made  free  from 
points,  or  lharp  edges;  and  if  holes  are  to 
be  made  in  it,  which  on  many  accounts  are 
very  convenient,  they  fhould  be  well  round- 
ed 
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ed,  and  made  perfectly  fmooth.  Further, 
that  end  of  the  prime  Conductor,  which  is 
at  the  greateft  diftance  from  the  Eledtric, 
ought  to  be  made  larger  than  the  refi,  as 
the  ftronp-eft  exertion  of  the  eleCtric  fluid,  in 

O 

efcaping  from  the  Conductor,  is  always  at 
that  end. 

It  has  been  conftantly  obferved,  that  the 
larger  the  prime  Conductor  is,  the  longer, 
and  denfer  fpark  can  be  drawn  from  it;  and 
the  reafon  of  this  is,  that  the  quantity  of 
Electricity,  difcharged  in  a fpark,  is  nearly 
proportional  to  the  flze  of  the  Conductor  ; 
on  this  account  the  prime  Conductor  is 
now  made  much  larger,  than  what  was 
formerly  ufed.  Its  fize,  however,  may  be 
fo  large,  that  the  diflipation  of  the  Electri- 
city from  its  furface,  may  be  greater  than 
what  the  EleCtric  can  fupply  ; in  which 
cafe  fo  large  a Conductor  would  be  nothing 
more  than  an  unwieldy,  and  difagreeable  in- 
cumbrance. 

Before  we  quit  the  Eledtrical  Machine, 
it  (hould  be  obferved,  that,  befides  the 
above-mentioned  parts,  it  is  neceflliry  to 

L have 
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have  a ftrong  frame  to  fupport  the  Electric, 
the  rubber,  and  the  wheel.  The  prime 
Conductor  fhould  be  fupported  by  ftands 
with  pillars  of  glafs,  or  other  folid  Non  con- 
ductor, and  not  by  filk  firings,  which  ad- 
mit of  continual  motion.  In  fhort,  the 
machine,  the  prime  Conductor,  and  any 
other  apparatus  actually  ufed,  fhould  be 
made  to  Hand  as  fteady  as  pofiible,  other- 
wife  many  inconveniences  will  arife. 

Befides  the  electrical  Machine,  the  Elec- 
trician fhould  be  provided  with  glafs  tubes 
of  different  fizes,  a pretty  large  flick  of  feal- 
ing-wax,  or  a glafs  tube  covered  with  feal- 
ing-wax,  for  the  negative  Electricity.  He 
fhould  at  leaft  not  be  without  a glafs  tube 
about  three  feet  long,  and  one  inch  and  a 
half  in  diameter.  This  tube  fhould  be  clofed 
at  one  end,  and  at  the  other  end  fhould 
have  fixed  a brafs  cap  with  a flop- cock, 
which  is  ufeful  in  cafe  it  fhould  be  requir- 
ed to  condenfe  or  rarefy  the  air  within  the 
tube, 

\ • 

The  bell  rubber  for  a tube  of  finooth 
glafs  is  the  rough  fide  of  black  oiled  filk, 

efpecially 
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efpecially  when  it  has  fome  amalgam  rubbed 
upon  it ; but  the  belt:  rubber  for  a rough 
glafs  tube,  a ftick  of  baked  wood,  feaiing- 
wax,  or  fulphur,  is  foft  new  flannel* 

The  inftruments  neceflary  for  the  accu- 
mulation of  Electricity,  are  coated  EleCtrics, 
among  which,  glafs  coated  with  Conductors 
obtains  the  principal  place.  On  account  of 
its  ftrength  it  may  be  formed  into  any  fhape, 
and  it  will  receive  a very  great  charge.  The 
form  of  the  glafs  is  immaterial  with  refpeCt 
to  the  charge  it  will  contain;  its  thicknefs 
only  is  to  be  confidered,  for  the  thinner  it  is, 
the  higher  charge  it  is  capable  of  receiving ; 
but  it  is  at  the  fame  time  more  fubjeCt  to  be 
broken  by  the  force  of  eleCtric  attraction ; 
for  this  reafon,  therefore,  a thin  coated  jar 
or  plate  may  be  ufed  very  well  by  itfelf,  and 
it  is  very  convenient  for  many  experiments; 
but  when  large  batteries  are  to  be  conftruCt- 
ed,  then  it  is  necelfary  t6  ufe  glafs  a little 
thicker,  and  care*  fhould  be  taken  to  have 
them  perfectly  well  annealed.  If  a battery 
be  required  of  no  very  great  power,  as  con- 
taining about  eight  or  nine  fquare  feet  of 
coated  glafs,  I fhould  recommend  to  make 

L z ufe 
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ufe  of  common  pint,  or  half- pint  phials, 
filch  as  Apothecaries  ufe.  They  may  be  ea- 
lily  coated  with  tin-foil,  fheet-lead,  or  gilt- 
paper  on  the  outfide,  and  brafs-filings  on 
the  infide ; they  occupy  a fmall  fpace,  and, 
on  account  of  their  thinnefs,  hold  a very 
good  charge.  But  when  a large  battery  is 
required,  then  thele  phials  cannot  be  ufed, 
for  they  break  very  e a illy;  and  for  that  pur- 
pofe  cylindrical  glais  jars,  of  about  fifteen 
inches  height,  and  four  or  five  inches  in  dia- 
meter, are  the  mod:  convenient.  One  large 
jar  anfwers  better  than  feveral  fmall  ones, 
becaufe  the  difiipation  of  the  eledlric  fluid 
over  the  uncoated  part  is  not  fo  confidera- 
ble  in  the  former  as  in  the  latter  cafe.  But 
then,  if  a large  jar  breaks,  the  lofs  is  much 
more  confiderablc. 

When  glafs  plates  or  jars,  having  a fuf- 
ficiently  large  opening,  are  to  be  coated,  the 
heft  method  is  to  coat  them  with  tin- foil  on 
both  fides,  which  may  be  fixed  upon  the  glafs 
with  pafte,  varnifh,  gum-water,  bees-wax, 
&c. ; but  in  cafe  the  jars  have  not  an  aper- 
ture large  enough  to  admit  the  tin-foil,  and 
sn  inftrument  to  adapt  it  to  the  furface  of 
' the 
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the  glafs,  then  brafs  filings,  fuch  as  are  fold 
by  the  pin-makers,  may  be  advantageoufiy 
ufed,  and  they  may  be  ftuck  with  gum- 
water,  bees-wax,  &c.  but  not  with  varnifh, 
for  this  is  apt  to  be  let  on  fire  by  the  dif- 
charge,  as  will  appear  in  the  latter  part  of 
this  work.  Care  muft  be  taken  that  the 
coatings  do  not  come  very  near  the  mouth 
of  the  jar,  for  that  will  caule  the  jar  to 
difeharge  itfelf.  If  the  coating  is  about  two 
inches  below  the  top,  it  will  in  general  do 
very  well;  but  there  are  fome  kinds  of  glafs, 
efpecially  tinged  glafs,  that,  when  coated 
and  charged,  have  the  property  of  difeharg- 
ing  themfelves  more  ealily  than  others,  even 
when  the  coating  is  five  or  fix  inches  below 
the  edge  *.  There  is  another  fort  of  glafs, 
like  that  of  which  Florence  fk Iks  are  made, 
which,  on  account  of  fome  unvitrified  par- 
ticles in  its  fubftance,  is  not  capable  of 
holding  the  lead  charge ; on  thefe  accounts, 
therefore,  whenever  a great  number  of  jars 

* When  ajar  difeharges  itfelf,  the  eledtric  fluid  runs 
from  the  infide  to  the  outfide  coating  over  the  furface  of 
the  glafs,  where  it  leaves  an  indelible  mark  all  along  its 
path,  which  is  inoftly  of  a zig-zag  form. 
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are  to  be  chofen  for  a large  battery;  it  is 
advifable  to  try  fome  of  them  firft,  fo  that 
their  quality  and  power  may  be  afcer- 
tained. 

Electricians  have  often  endeavoured  to 
find  fome  other  EleCtric,  which  might  an- 
fwer  better  than  glafs  for  this  purpofe,  at 
lead:  be  cheaper;  but,  except  Father  Bec- 
caria’s  method,  which  may  be  ufed  very 
well,  I do  not  find  that  any  remarkable 
difcovery  has  been  made  relating  to  this 
point. 

Father  Beccaria  took  equal  quantities 
,of  very  pure  colophonium,  and  powder  of 
marble  lifted  exceedingly  fine,  and  kept 
them  in  a hot  place  for  a confiderable  time, 
where  they  became  perfectly  free  from 
moifture ; he  then  mixed  them,  and  melted 
the  compofition  in  a proper  veflel  over  the 
fire,  and  when  melted  poured  it  upon  a table, 
upon  which  he  had  previoufly  ftuck  a piece 
of  tin-foil,  reaching  within  two  or  three 
inches  of  the  edge  of  the  table ; this  done, 
he  endeavoured  with  a hot  iron  to  fpread 
•the  mixture  all  over  the  table  as  equally  as 

pofiible, 
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poffible,  and  to  the  thicknefs  of  one-tenth 
of  an  inch ; he  afterwards  coated  it  with 
another  piece  of  tin- foil,  reaching  within 
about  two  inches  of  the  edge  of  this  mixture ; 
in  fhort,  he  coated  a plate  of  this  mixture 
like  a plate  of  glafs.  This  coated  plate, 
from  what  he  fays,  feems  to  have  had  a 
greater  power  than  a glafs  plate  of  the  fame 
dimensions,  even  when  the  weather  was  not 
very  dry  : and,  if  it  is  not  fubjeCt  to  break 
very  eafily  by  a fpontaneous  difcharge,  I 
think  it  may  be  very  conveniently  ufed;  for 
it  doth  not  very  readily  attract  moifture,  and 
conlequently  may  hold  a charge  of  Electri- 
city better,  and  longer,  than  glafs  : beiides, 
if  broken,  it  may  be  repaired  by  a hot  iron; 
which  is  not  the  cafe  with  glafs. 

When  a jar,  a battery,  or  in  general  a 
coated  EleCtric,  is  to  be  difcharged,  the 
operator  Ihould  be  provided  with  an  inftru- 
ment  called  the  difcharging  Rod,  which 
conlilts  of  a metal  rod  fometimes  flraight, 
but  more  commonly  bended  in  the  form  of 
a C : they  are  made  alfo  of  two  joints,  fo  as 
to  open  like  a kind  of  compafles.  This  rod 

L 4 is 
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is  furnifhed  with  metal  knobs  at  its  extre-> 
mities,  and  has  a non-condudting  handle, 
generally  of  glafs  or  baked  wood,  fattened  to 
its  middle.  When  the  operator  is  to  ufe 
this  inftrument,  he  holds  it  by  the  handle, 
and,  touching  one  of  the  coated  fides  of  the 
charged  Electric  with  one  knob,  and  ap- 
proaching the  other  knob  to  the  other  coat- 
ed fide,  or  fome  conducting  1 abidance  com- 
municating  with  it,  he  completes  the  com- 
munication between  the  two  fides,  and  dif- 
charges  the  Eledtric. 


The  inftruments  to  meafure  the  quantity, 
and  afcertain  the  quality  of  Elcdtricitv,  are 
commonly  called  Ele£trom-:icrs ; and  they 
are  of  four  forts,  itt.  the  Angle  Thread,  2d. 
the  Cork,  or  Pith-bails,  3d.  the  Quadrant, 
and  4th.  the  diicharging  Eledirometer 
But  a particular  defcriptipn  of  the  fame  will 
be  found  in  the  third  chapter  of  this  wprk. 


* The  fecpnd  fort-  of  Electrometer,  e.  the  cork- 
balls  Electro, meter,  was  invented  by  Mr.  Canton; 
the  difeharging  Electrometer  was  invented  by  Mr. 
Lane  ; and  another,  on  a different  principle,  by  Mr. 
Kinnersley:  and  the  quadrant  Electrometer,  which 
i$pf  lateft  invention,  is  a contrivance  of  Mr.  Henly. 

Befides 
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Befides  the  apparatus  above  defcribed, 
there  are  ieveral  other  inftruments  ufeful  for 
various  experiments,  but  thefe  will  be  de- 
fcribed occafionally.  The  Electrician,  how- 
ever, ought  to  have  by  him  not  only  a Angle 
coated  jar,  a Angle  difc barging  rod,  or,  in 
fhort,  only  what  is  neceflary  to  perform  the 
common  experiments  ; but  he  fhould  pro- 
vide himfelf  with  feveral  plates  of  glafs, 
with  jars  of  different  fizes,  with  a variety  of 
different  inftruinents  of  every  kind,  and 
even  tools  for  conftrudting  them;  in  order 
that  he  may  readily  make  fuch  new  experi- 
ments, as  his  curiofity  may  induce  him  to 
try,  or  that  may  be  publifhed  by  other  inge- 
nious perfons,  who  are  purfuing  their  re- 
searches in  this  branch  of  philofophy. 
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CHAP.  II. 

T:he  dejcription  of  fome  particular*  electrical 

Machines . ' ! i - 

IN  this  chapter  I fhall  prefent  the  reader 
with  the  particular  defcription  of  fome 
eledlrical  Machines,  which,  I think,  will  be 
very  acceptable  after  the  general  account  of 
their  conftrudlion,  which  has  already  been 
given.  The  fir  ft  of  thefe  is  that  defcribed 

i * ... 

by  Dr.  Priestley,  in  his  Hiftory  of 
Electricity  * y where  a drawing  of  the  fame 
may  be  feen,  and  which,  on  account  of  its 
ex  ten  five  ufe,  may  be  defervedly  called  a 
univerfal  eledlrical  Machine. 

The  bafis  of  this  machine  confifts  of  two 
oblong  boards,  which  are  kept  in  a litua- 
tion  parallel  to  one  another,  about  four 
inches  afunder,  by  two  fmall  pieces  of 
board  properly  adapted  to  that  purpofe. 
Thefe  boards,  when  fet  horizontally  upon 
a table,  and  there  fixed  by  fallen ing  the 
lower  of  them  with  iron  clamps,  form  the 
fupport  of  two  perpendicular  pillars  of 

* Part  V,  Sec.  II. 
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baked  wood,  and  of  the  rubber  of  the  ma- 
chine. One  of  the  pillars,  together  with 
the  fpring  fupporting  the  rubber.  Aides  in 
a groove,  which  reaches  almoA  the  whole 
length  of  the  upper  board,  and,  by  means 
of  fcrews,  may  be  placed  at  any  required 
diftance  from  the  other  pillar,  which  is  fix- 
ed ; being  let  through  a mortice  in  the  up- 
per board,  and  ftrongly  faftened  to  the  low- 
er. In  thefe  two  pillars  are  feveral  holes 
for  the  admittance  of  the  fpindles  of  dif- 
ferent globes,  and,  as  they  may  be  fituated 
at  any  diftance  from  one  another,  they  may 
be  adapted  to  receive  not  only  globes,  but 
alfo  cylinders,  or  fpheroids,  of  different 
fizes.  In  this  machine,  fays  Dr.  Priest- 
ley, more  than  one  globe  or  cylinder  may 
be  ufed  at  once,  by  fixing  them  one  above 
the  other  in  the  different  holes  of  the*  pil- 
lars ; and  by  adapting  to  each  a proper  pul- 
ley, they  may  be  whirled  all  at  once,  and 
their  power  united,  in  order  to  increafe  the 
Electricity  * ; but  in  this  conftrudtion  I do 

• • 4 • ** 

not 

* When  feveral  globes  are  ufed  at  once,  and  their 
power  is  united,  it  has  been  found  by  experiment,  that 
the  Electricity  does  not  increafe  in  proportion  to  their 

number, 
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not  think  that  different  rubbers  can  be  con- 
veniently applied  to  them  all ; which  is  a 
capital  imperfe&ion. 

i ; ' . ' '!  •’  * * • “*  f 

“ The  rubber  confifts  of  a hollow  piece 
u of  copper,  filled  with  horfe-hair,  and 
“ covered  with  a bafil  fkin.  It  is  fup- 
ported  by  a locket,  which  receives  the 
•-cylindrical  axis  of  a round  and  flat  piece 
“ of  baked  wood,  the  oppofite  part  of 
“ which  is  inferted  into  the  focket  of  a 
“ bent  fteel  fpring.  Thefe  parts  are  eafily 
€‘  feparated,  fo  that  the  rubber,  or.  the  piece 
**  of  wood  that  ferves  to  infulate  it,  may 
•‘  be  changed  at  pleafute.  The  fpring 
“ admits  of  a two- fold  alteration  of  pod*. 
€e  tion.  It  may  be  either  flipped  along  the 
•‘  groove,  or  moved  in  the  contrary  direc-  1 
tion’'  (the  groove  being  wider  than 
the  ferew  which  fallens  the  fpring),  “ fo 
“ as  to  give  it  every  defirable  poiition  with 

1 * *»*  * " ■ * — 

number,  although  it  is  more  than  what  may  be  pro- 
duced by  a fingle  globe.  However,  as  the  friction,  and 
the  difficulty  of  working  the  machine,  increafes  in  pro- 
portion to  the  number  of  globes  or  cylinders,  lo  I think 
that  one  good  large  cylinder  is  preferable  to  many  of 
them. 


“ refpedl 
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“ refpedt  to  the  globe  or  cylinder ; and  it 
“ is,  beiides,  furnifhed  with  a fcrew,  which 
€C  makes  it  prefs  harder  or  lighter,  as  the 
“ operator  chooles.” 

The  wheel  of  this  machine  is  fixed  to  the 
table ; it  has  feveral  grooves,  for  admitting 
more  firings  than  one,  in  cafe  that  two  or 
three  globes  or  cylinders  are  ufed  at  a 
time ; and  as  it  is  difengaged  from  the 
frame  of  the  machine,  the  latter  may  be 
ferewed  at  different  difiances  from  the  for- 
mer, and  thus  fuited  to  the  variable  length 
of  the  firing. 

The  prime  Conductor  is  of  hollow  cop- 
per, made  in  the  fhape  of  a pear,  fituated 
with  its  neck  upwards,  and  with  its  bot- 
tom or  rounder  part  upon  a ftand  of  baked 
wood ; and  an  arched  wire  proceeds  from 
its  neck,  having  an  open  ring  at  its  end,  in 
which  fome  fmall  pointed  wires  are  hung, 
that  by  playing  lightly  upon  the  Ele&ric, 
collect  the  ele&ric  fluid  from  it.  This 
form  of  prime  conductor  is,  however,  very 
improper. 


This 
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This  machine,  notwithftanding  that  it 
has  feveral  imperfe&ions,  is  yet  a very  good 
contrivance;  but,  except  different  globes, 
or  cylinders,  or  feveral  of  thofe  at  once,  are 
required  to  be  ufed,  I think  a great  deal  of 

m 

the  work  may  be  fpared,  and  the  machine 

might  be  made  more  Ample  and  concife. 

% 

Next  to  Dr.  Priestley’s  machine,  I 
fhall  defcribe  another,  which,  for  its  fim- 
plicity,  and  concifenefs,  makes  a fine  con- 
trail: with  the  former. 

This  machine  confifts  of  a circular  glafs 
plate,  about  one  foot  diameter,  which  is 
turned  vertically  by  a winch  fixed  to  the 
iron  axis  that  paffes  through  its  middle  ; 
and  it  is  rubbed  by  four  cufhions,  each 
about  two  inches  long,  fituated  at  the  op- 
pofite  ends  of  the  vertical  diameter. 

The  frame  confifts  of  a bottom  board, 
about  a foot  fquare,  or  a foot  long  and  fix 
inches  broad,  which,  when  the  machine  is 
to  be  ufed,  may  be  fattened  by  an  iron 
clamp  to  the  table.  Upon  this  board  tw6 
other  flender  and  fmaller  ones  are  raifed, 

. which 
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which  lie  parallel  to  one  another,  and  are 
fattened  together  at  their  top  by  a ftnall 
piece  of  wood.  Thefe  upright  boards  fup- 
port  in  their  middle  the  axis  of  the  plate, 
and  to  them  the  rubbers  are  fattened. 

The  Conductor  is  of  hollow  brafs,  and 
from  its  extremities  branches  are  extended, 
which  coming  very  near  the  extremity  of 
the  glafs,  colled:  the  Eledricity  from  it. 

The  power  of  this  machine  is  perhaps 
more  than  a perfon  would  judge  by  look- 
ing at  it.  It  may  be  objeded,  that  this 
conftrudion  will  not  eafily  admit  of  the 
rubbers  being  infulated,  nor  confequently 
be  adapted  to  a great  variety  of  experi- 
ments ; but  at  the  fame  time  it  mutt  be 
allowed,  that  it  is  very  portable,  that  it  is 
not  very  liable  to  be  out  of  order,  and  that 
it  has  a power  fufficiently  ftrong  for  leve- 
ral  purpofes;  on  which  account  it  may  be 
conveniently  ufed.  Thefe  machines  have 
often  been  made  with  two  parallel  glafs 
plates,  and  thefe  of  a confiderahle  diame- 
ter; which  plates,  turning  upon  the  fame 

* axis. 
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axis,  are  rubbed  by  eight  rubbers. — The 
fparks  obtained  from  the  conductors  of 
thofe  machines  are  ftrong,  though  not  very 
long ; yet  an  electrical  battery  may  be 
charged  by  one  of  thofe  machines  very 
quick,  lince  they  accumulate  an  aftonifhing 
quantity  of  electric  fluid.  Their  principal 
imperfections  are,  the  great  number  of  rub- 
bers that  the  operator  muft  keep  in  proper 
order,  the  friction  arifingfrom  them,  which 
renders  the  turning  of  the  machine  rather 
hard,  and  laftly,  the  plates  being  fubjedt  to 
crack  very  eafily. 

The  machine  reprefented  in  fig.  i.  of 
plate  I.  has  all  the  principal  improvements 
hitherto  made,  except  that  it  is  not  capable 
of  admitting  different  kinds,  or  more  than 
one  Electric,  but  which,  indeed,  it  feems 
not  to  hand  in  need  of.  The  electric  power 
of  fuch  a machine,  is  at  leaft  equal  to  what 
may  be  obtained  by  any  other  conftruction; 
and  at  the  fame  time  its  fize,  being  neither 
remarkably  large,  nor  at  all  inconvenient, 
renders  it,  I think,  the  complcteji  machine 
hitherto  contrived,  and  may  be  made  of  any 

fize*  / 
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The  frame  of  this  machine  confifts  of* 
the  bottom  board  ABC,  which,  when  the 
machine  is  to  be  ufed,  is  fattened  to  the 
table  by  two  iron  clamps,  one  of  which 
appears  in  the  figure  near  C.  Upon  the 
bottom  board  are  perpendicularly  raifed 
two  ftrong  wooden  pillars  K L,  and  A H, 
which  fupport  the  cylinder,  and  the  wheel* 
From  one  of  the  brafs  caps  of  the  cylindcf 
F F,  an  axle  of  tteel  proceeds,  which  paf- 
fes  quite  through  a hole  in  the  pillar  K L, , 
and  has  on  this  fide  of  the  pillar  a pulley  1, 
fixed  upon  its  fquare  extremity.  Upon 
the  circumference  of  this  pulley  there  are 
three  or  four  grooves,  in  order  to  fuit  the 
variable  length,  of  the  firing  ab>  which 
goes  round  one  of  them,  and  round  the 
groove  of  the  wheel  D.  The  other  cap  of 
the  cylinder  has  a fmall  cavity,  which  fits 
the  conical  extre'mity  of  a ftrong  ferew, 
that  proceeds  from  the  pillar  H.  The  wheel 
D,  which  is  moved  by  the  handle  E,  turfi3 
round  a ftrong  axle,  proceeding  from  almoft 
the  middle  part  of  the  pillar  K Li 

The  rubber  G of  this  machine  is  on  each 
end  two  or  three  inches  lhorter  than  the 

M cylinder 
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cylinder  (/.  e.  the  cylinder  exclufive  of  the 
necks),  and  it  is  made  to  rub  about  one- 
tenth  part  of  the  cylinder’s  circumference, 
or  rather  lefs ; it  confifls  of  a thin  quilted 

cufhion  of  filk,  fluffed  with  hair,  and  fall- 

' / 

ened  by  filk  firings  upon  a piece  of  wood, 
which  is  properly  adapted  to  the  furface  of 
the  cylinder.  And  to  the  lower  extremity 
of  the  cufhion,  or  rather  of  the  piece  of 
wood  to  which  the  cufhion  is  tied,  a piece 
of  leather  is  faflened,  which  is  turned  over 
the  cufhion,  /.  e.  (lands  between  it  and  the 
fuiface  of  the  cylinder,  and  to  the  extre- 
mity of  which  a piece  of  filk  or  oiled  filk 

✓ 

'is  faflened,  which  covers  almofl  all  the  up- 
per part  of  the  cylinder.  Upon  this,  leather, 
which  reaches  from  the  lower  to  almofl  the 
upper  extremity  of  the  cufhion,  fome  of  the 
above  delcribed  amalgam  is  to  be  worked, 
fo  as  to  be  forced  as  much  as  poffible  into 
its  fubflance  : if  mofaic  gold  is  to  be  tried, 
then  the  leather  fhould  be  new,  and  where- 
on no  other  amalgam  has  been  put.  This 
rubber  is  fupported  by  two  fprings,  ferewed 
to  its  back,  and  from  which  it  may  be  ea- 
fily  unicrewedj  when  occafion  requires' it. 
The  two  lprings  proceed  from  the  wooden 

caP 
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cap  of  a ftrong  glafs  pillar  *,  perpendicular 
to  the  bottom  board  of  the  machine.  This 
pillar  has  a fquare  wooden  bafis,  that  Aides 
in  two  grooves  in  the  bottom  board  A B C, 
upon  which  it  is  fattened  by  a fcrew.  In 
this  manner  the  glafs  pillar  may  be  faftene  J 
at  any  required  diftance,  and  in  confequence 
the  rubber  may  be  made  to  prefs  harder  or 
lighter  upon  the  cylinder.  The  rubbef  in 
this  manner  is  perfectly  infulated ; and* 
when  infulation  is  not  required,  a chain 
with  a fmall  hook  may  be  hanged  to  it,  fo 
as  to  have  a regular  communication  with 
the  piece  of  leather ; the  chain  then  falling 
upon  the  table,  renders  the  rubber  unin- 
fulated. 

Fig.  2.  reprefents  the  prime  Conductor 
AB  belonging  to  this  machine.  This  is 

* This  glafs  pillar,  as  well  as  the  glafs  feet  of  infu- 
lating  (tools  in  general,  (hould  be  covered  with  varnifh, 
or  rather  with  fealing-wax,  otherwife  they  infulate  very 
imperfectly,  on  account  of  the  moifture  which  they  at- 
traCt  from  the  air,  efpecially  in  damp  weather.  It  muft 
be  obferved,  that  fealing-wax  diflolved  in  fpirits  of  wine 
may  be  ufed  very  well  for  this  purpofe;  but  to  cover  a 
piece  of  glafs  with  fealing-wax,  by  rubbing  a (tick  of 
it  upon  the  furface  of  the  glafs  when  hots  anfwers  far 
better. 
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# 1 

of  hollow  brafs,  and  is  lupported  by  two 
glafs  pillars  varnifhed,  that  by  two  brafs 
lockets  are  fixed  in  the  board  CC\  This 
Conductor  receives  the  eledtric  fluid  through 
the  points  of  the  collector  L,  which  are 
fet  at  about  half  an  inch  diftance  from  tho 
furface  of  the  cylinder  of  the  machine. 

If  the  handle  E,  fig.  1 , of  the  wheel,  be 
turned  (and  on  account  of  the  rubber  it 
fhould  be  turned  always  in  the  direction  of 
the  letters  a b c ) this  machine  Handing  in 
the  fituation  that  is  reprefented  in  the 
figure,  will  give  pofitive  Electricity,  /.  e. 
the  prime  Conductor  will  be  eledtrified  po- 
fitively,  or  overcharged  with  eledtric  fluid; 
for  by  the  adtion  of  rubbing,  the  cylinder 
pumps,  as  it  were,  the  fluid  from  the  rub- 
ber, and  every  other  body  properly  con- 
nected with  it,  and  gives  it  to  the  prime 
Condudtor.  But  if  a negative  Eledtricity 
be  required,  then  the  chain  mult  be  removed 
from  the  rubber  and  hung  to  the  prime 
Condudtor ; for  in  this  cafe  the  Eledtricity 
of  the  prime  Condudtor  will  be  communi- 
cated to  the  ground,  and  the  rubber  re~ 

....  maining 
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mainlng  infulated,  will  appear  ftrongly  ne- 
gative. Another  Conductor,  equal  to  the 
Conductor  A B,  fig.  2,  maybe  connected 
with  the  infulated  rubber,  and  then  the 
operator  may  obtain  as  ftrong  negative  Elec- 
tricity from  this,  as  he  can  pofitive  from  the 
Conductor  A B. 

I fliall,  laftly,  give  a fhort  defcription  of 
the  machine  lately  contrived  by  Mr.  E. 
Nairne,  F.  R.  S.  which  is  principally 
adapted  for  medical  EleCtricity,  and  for  that 
purpofe  it  anfwers  exceedingly  well,  as  with 
it  any  degree  of  electric  power  may  be  ufed 
with  the  utmoft  facility.  Fig.  8.  of  plate  IL 
reprefents  this  machine,  the  principal  parts 
pf  which  are  the  glafs  cylinder  and  the 
two  Conductors,  all  lying  parallel.  The 
Cylinder,  which  is  generally  about  9 inches 
in  diameter,  is  furnifhed  with  wooden  caps, 
and  turns  in  two  wooden  pieces,  which  are 
cemented  on  the  tops  of  two  ftrong  glafs 
pillars  B B.  Thefe  pillars  are  made  fall  into 
the  bottom  board  of  the  machine,  which  is 
faftened  to  the  table  by  means  of  a clamp. 
On  the  under  part  of  the  bottom  board 
grooves  are  formed,  through  which  the 
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pieces  F F Hide.  Thefe  pieces  fupport  the 
Conductors  upon  the  ftrong  glafs  pillar?DDjj 
and  in  order  to  let  the  Conductors  be  placed 
farther  or  nearer  to  the  glafs  cylinder,  the 
pieces  F F may  be  moved  in  or  out,  and  may 
be  fteadied,  by  means  of  the  ferew  nuts  LL* 
The  rubber  is  fattened  to  the  Conductor  R, 
and  it  confifts  of  a Huffed  leather  cufhion, 
to  the  under  part  of  which  a piece  of  filk  is 
glued,  which  being  turned  over  the  furface 
of  the  cufhicn,  viz . between  it  and  the  glafs, 
goes  over  the  Cylinder,  and  aim  oft  reaches 
the  pointed  wires  which  are  fixed  on  the 
other  Conductor,  for  the  purpofe  of  collect- 
ing the  fluid  from  the  Cylinder. 

The  Conductors  are  of  tin  covered  witlt 
black  lacquer,  and  each  contains  a coated 
ofa is  jar,  and  likevyife  a fmall  coated  tube 
or  fmall  jar,  which  are  feen  when  the  caps 
NN  are  removed.  A knob  O is  fixed  to 
each  Conductor,  to  which  a chain  may  be 
pccafionally  fufpended,  in  order  to  have  g 
pofitive  or  negative  EleCtricity  by  commu- 
nicating one  of  the  Conductors  with  the 
earth, 

Vi 
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The  longeft  part  of  the  winch  C,  by 
which  the  Cylinder  is  turned,  is  of  glafs. 

Thus  it  appears  that  every  part  of  this 
machine  is  infulated,  viz.  not  only  the  Con- 
ductors with  the  rubber,  but  even  the  glafs 
Cylinder  and  its  caps ; by  which  means  the 
eleCtric  fluid  that  is  accumulated  on  the 
Cylinder  is  leaft  likely  to  be  diffipated ; 
which,  joined  to  the  excellent  workmanfhip 
and  execution  of  every  part,  renders  this 
machine  very  powerful ; and  I muft  c'onfefs, 
that  I neyer  fawan  eleCtrical  machine,  upon 
any  other  principle,  have  fo  much  power  as 
one  of  this  conftruCtion,  and  of  equal  di- 
inenfions. 

7 

» 

To  this  machine  Mi\Nairne  has  adapt- 
ed iome  flexible  conducting  joints,  a dis- 
charging electrometer,  and  feveral  other  in- 
itruments  neceflary  to  anfwer  every  purpofe 
of  medical  Electricity ; efpecially  the  very 
fmall  {hocks  may  be  adminiftered,  by  means 
of  the  jars  inferted  into  the  Conductors, 
with  great  facility,  and  almoft  to  an  im- 
perceptible degree.  For  farther  particulars 
, M 4 refpeCting 
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respecting  the  conftrudtion  and  ufe  of  this 
excellent  machine,  and  its  apparatus,  I mud 
refer  the  reader  to  M;.  NAiRNE’sown  de- 
scription. 


CHAP.  III. 

<•  s | * 4 « 

The  particular  Defcription  of  form  other  ne- 
cejfary  Parts  of  the  electrical  Apparatus. 

FI  G.  4 reprefents  a {land  fupporting 
the  electrometers  D D C C.  B is 
the  bafis  of  it,  made  of  common  wood.  A 
is  a pillar  of  wax,  glafs,  or  baked  wood. 
To  the  top  of  the  pillar,  if  it  be  of  wax  or 
glafs,  a circular  piece  of  wood  is  fixed ; but 
if  the  pillar  be  of  baked  wood,  that  may 
confiCtute  the  whole.  From  this  circular 
piece  of  wood  proceed  four  arms  of  glafs, 
or  baked  wood,  fufpending  at  their  ends 
four  electrometers,  two  of  which,  D D,  are 
filk  threads  about  eight  inches  long,  luf- 
pending  each  a fmall  downy  feather  at  its 

end. 
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end.  The  other  two  electrometers,  C C, 
are  thofe  with  very  fmall  balls  of  cork,  or 
of  the  pith  of  elder  ; and  they  are  con- 
ftruCted  in  the  following  manner : — a b is  a 
ftick  of  glafs  about  fix  inches  long,  cover- 
ed with  fealing-wax,  and  fhaped  at  top  in 
a ring : from  the  lower  extremity  of  this 
ftick  of  glafs  proceed  two  fine  linen  threads  * 
c c , about  five  inches  long,  each  fufpending 
a cork  or  pith- ball  d,  about  one-eighth  of 
an  inch  in  diameter.  When  this  electro- 
meter is  not  electrified,  the  threads  c c hang 

» 

parallel  to  each  other,  and  the  cork- balls 

, * * . 

are  in  contaCt ; but  when  electrified,  they 
repel  one  another,  as  reprefented  in  the 
figure.  The  glafs  ftick  ab  ferves  for  an 
infulating  handle*  by  which  the  electrome- 
ter may  be  fupported,  when  it  is  ufed  with- 
out the  ftand  AB. 

Another  fpecies  of  the  above  electrome- 
ter is  reprefented  in  fig.  3 ; which  confifts 
of  a linen  thread,  having  at  each  end  a 
fmall  cork-ball.  The  electrometer  is  fuf- 
pended  by  the  middle  of  the  thread  on  any 

* Thefe  threads  fliould  be  wetted  in  a weak  folution 
of  fait. 
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Condu&or  proper  for  the  purpofe,  and 
ferves  to  fhew  the  kind  and  quantity  of  its 
Eledtricity. 

. . • f - • ~> 

Fig.  7 represents  Mr.  Henly's  qua- 
drant electrometer,  fixed  upon  a Small  ftand, 
from  which  it  may  be  occasionally  Separat- 
ed, and  fixed  upon  the  prime  Conductor,  or 
in  any  other  place,  at  pleaSure.  This  elec- 
trometer confifts  of  a perpendicular  ftem, 
formed  at  the  top  like  a ball,  and  furnifhed 
at  its  lower  end  with  a brafs  ferrule,  2 by 
which  it  may  be  fixed  in  one  of  the  holes  of 
the  prime  Conductor,  or  in  its  proper  ftand, 
as  occafion  requires.  To  the  upper  part 
of  the  ftem,  or  pillar,  a graduated  ivory 
femicircle  is  fixed,  about  the  middle  of 
which  is  a brafs  arm,  which  contains  a pin, 
or  the  finall  axis  of  the  index.  The  index 
confifts  of  a very  flender  ftick,  which 
reaches  from  the  center  of  the  graduated 
femicircle  to  the  brafs  ferrule,  and  at  its 
lower  extremity  is  faftened  a fmall  cork- 
ball,  nicely  turned  in  a lathe.  Fr.  Becca- 
ria  recommends  to  inclofe  the  upper  part 
of  the  index  of  this  electrometer  between 

• • » r < » • * 

two  femicircles. 
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The  properefl  wood,  for  the  purpofe  of 
making  a pillar  and  index  of  this  electro- 
meter, is  box,  and  this  pillar  and  index 
fhould  be  well  rounded,  and  made  as 
fmooth  as  poffible.  When  this  electro- 
meter is  not  electrified,  the  index  hangs 

r 

parallel  to  the  pillar,  as  in  fig.  7 5 but  when 
it  .is  eleCtrified,  the  index  recedes  more  or 
lefs,  according  to  the  quantity  of  EleCtricity, 
from  the  Item  as  reprefented  at  E on  the 
prime  Conductor,  fig.  2. 

The  main  of  Mr.  Lane’s  difcharging 
Electrometer,  confifts  in  a brals  ball  about 
one  inch  and  a half  in  diameter,  fcrewed  to 
a brafs  graduated  rod,  and  adapted  to  a pro~ 
per  frame,  fo  that  it  may  be  fet  at  any  re- 
quired diftance  from  the  prime  Conductor, 
or  the  knob  of  an  eleCtric  jar.  The  prin- 
cipal ufe  of  this  electrometer  is  to  let  a jar 
difcharge  by  itfelf  through  any  proper  cir- 
cuit, without  ufing  any  difcharging  rod,  or 
removing  any  part  of  the  apparatus ; and  to 
give  fhocks  nearly  of  the  fame  ftrength. 
Suppofe,  for  inftance,  that  the  above-men- 
tioned brafs  ball  be  fet  at  half  an  inch  dif- 
tance from  the  prime  Conductor,  and  that  a 

coated 
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touted  jar  be  lituated  fo  as  to  touch  the 
prime  Conductor  with  its  knob,  and  to  have 
its  outfide  coating  communicating  with  the 
above-mentioned  brafs  ball.  Now  it  is  evi- 

* ' j * - \ 

deilt  that  the  circuit*  from  the  outfide  to  the 
itifide  of  the  jar,  is  interrupted  only  between 
the  prime  * Conductor  and  the  brafs  ball, 
Which  lie  half  an  inch  afunder  * therefore, 
when  the  jar  is  charging,  and  the  charge  is 
become  fo  hich  as  to  ftrike  through  half  an 
inch  of  air,  the  jar  will  difcharge  itfelf,  and, 
by  keeping  the  brafs  ball  at  the  fame  diftance 
from  the  prime  Conductor,  and  charging 
the  jar  fucceflively,  the  fhocks  will  be  of  the 
fame  ftfength. 

V 0 

This  electrometer  is  fuqjeCt  to  an  inconve- 
nience $ which  is, 'that  the  furface  of  the  brafs 

*.  •.  * * ....  * , • » f * 

ball  is  fometimes  deprived  of  its  fmoothnefs 
by  the  force  of  the  explolionj  in  which  cafe 
it  is  neceflary  to  polifh  it  again,  otherwife 
the  inftrument  is  uielefs ; this,  however, 
never  happens  when  fmall  fliocks  are  ufed* 
An  electrometer  of  this  kind,  though  not  ex-* 
uCtly  like  the  original  one,  is  now  commonly 
nfed  by  the  practitioners  of  medical  electri- 
city, and  is  delineated  in  fig.  6,  of  Plate  XL 
: " ' It 
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It  confifts  of  a glafs  arm  D,  which  proceeds 
from  the  wire  of  the  jar  F,  and  to  the  e^tre* 
jnity  E of  which  a fpring  focket  is  cemented, 
through  which  a wire  paffes,  which  is  fur-> 
nilhed  with  a knob  B>  towards  the  knob  A 
of  the  jar,  and  with  an  open  ring  C at  its 
other  extremity.  Now,  as  this  wire  may  be 
did  backwards  and  forwards,  the  knob  1} 
may  be  put  at  any  required  diftance  from 
the  knob  A,  as  far  as  the  conftrudtion  of  the 
instrument  will  allow.  The  wire  BC  is 
generally  marked  with  divifions,  which 
jfliew  the  diftance  of  the  two  knobs,  when 
the  wire  is  fo  lituated,  as  that  the  required 
divifion  coincides  with  the  edge  of  the  fpring 
focket ; as,  for  inftance,  one^tenth,  or  one 
quarter  of  an  inch,  &c.  When  the  jar  P 
is  fet  againft  the  prime  Conductor  G,  as 
prefented  in  the  figure,  fuppofe  that  the  ball 
B is  fet  at  the  diftance  of  TV  of  an  inch  from 
the  ball  A,  and  that  a wire  be  fixed  from 
the  eleftrometer’s  ring  to  the  outlide  coat^ 
ing  of  the  jar,  as  fhewn  by  the  dotted  line 
CK ; then,  when  the  machine  is  put  in 
motion,  the  difeharge  of  the  jar,  as  foon  a$ 
this  becomes  fufficiently  charged,  will  be 
made  between  the  knobs  AB,  and  through 

the 
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the  wire  CK ; and  it  is  evident  that  thefe 
difcharges  will  be  of  the  fame  ftrength,  as 
lonor  as  the  diftance  between  AB  remains 

o 

the  fame. 

Fig.  5 of  Plate  I.  reprefents  Mr.  Hen- 
ly*s  univerfal  difcharger,  which  is  of  a very 
extenfive  ufe,  and  is  compofed  of  the  follow- 
ing parts : — A is  a flat  board  fifteen  inches 
long,  four  inches  broad,  and  one  thick,  or 
thereabouts,  which  forms  the  bafis  of  the 
inftrument.  BB  are  two  glafs  pillars,  ce- 
mented in  two  holes  upon  the  board  A,  and 
furnifhed  at  their  top  with  brafs  caps,  each 
of  which  has  a turning  joint,  and  fupports 
a fpring  tube,  through  which  the  wire  DC 
Aides : each  of  thefe  caps  is  compofed  of 
three  pieces  of  brafs,  connected  fo,  that  the 
wire  DC,  befides  its  Hiding  through  the 
focket,  has  twTo  other  motions,  viz.  an  ho- 
rizontal and  a vertical  one.  Each  of  the 
wires  DC,  DC,  is  furni/hed  with  an  open 
rine  at  one  end,  and  at  the  other  end  has  a 
brafs  ball  D,  which,  by  a fhort  fpring  fock- 
et, is  flipt  upon  its  pointed  extremity,  and 
may  be  removed  from  it  at  pleafure.  E is 
a ftrong  circular  piece  of  wood,  five  inches 

in 
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in  diameter,  having,  on  its  furface,  a flip  of 
ivory  inlaid,  and  furnifhed  with  a ftrong 
cylindrical  foot,  which  fits  the  cavity  of  the 
focket  F,  which  is  fattened  in  the  middle  of 
the  bottom  board,  and  has  a fcrew  G,  which 
ferves  to  fatten  the  foot  of  the  circular  board 
E at  any  required  height.  H is  a fmall 
prefs  belonging  to  this  inllrumentj  it  con- 
fills  of  two  oblong  pieces  of  board,  which 
may  be  prefled  againft  each  other  by  means 
of  two  fcrews  a a : ■ the  lower  of  thefe  boards 
has  a cylindrical  foot  equal  to  the  foot  of 
the  circular  board  E.  When  this  prefs  is 
to  be  uled,  it  is  fixed  into  the  focket  F,  in 
the  place  of  the  circular  board  E,  which 
mutt,  in  that  cafe,  be  removed. 

1 * 

Fig.  11  is  an  electtric  jar,  coated  with 
tin-foil  on  the  infide  and  outfide,  within 
three  inches  of  the  top  of  the  cylindrical 
part  of  the  glafs,  having  a wire  with  a 
round  brafs  knob  A at  its  extremity.  This 
wire  pafles  through  the  cork  * D,  that 
flops  the  mouth  of  the  jar,  and,  at  its  lower 

* When  corks  are  ufed  to  flop  eledtric  jars,  they 
Ihould  be  made  very  dry,  and  dipped  in  melted  bees- 
wax, or  varnilhed.  • 

end? 


1 76  A Complete  Treatise 

end,  is  bent  fd  as  to  touch  the  infide  coating 
in  feveral  places. 

Fig.  10  reprefents  a battery  compofed 
of  fixteen  jars,  coated  in  the  infide  and  out- 
fide  with  tin-foil,  which  all  together  con- 
tain about  twelve  feet  of  coated  glafs. 
About  the  middle  of  each  of  thefe  jars  is  a 
cork  that  fuftains  a wire,  which  at  the  top 
is  fattened  round,  or  foldered  to  the  wire  E, 
knobbed  at  each  end,  which  connects  the 
infide  coatings  of  four  jars ; and  by  the 
wires  FFF  the  infide  coatings  of  all  the 
fixteen  jars  are  connedted  together.  Each 
of  the  wires  F has  a ring  at  one  end, 
through  which  one  of  the  wires  E pafifes, 
and  at  the  other  end  has  a brafs  knob.  If 
the  whole  force  of  the  battery  be  not  requir- 
ed, one,  two,  or  three  rows  of  jars  may  be 
„ . ufed  at  pleafure ; for  as  each  of  the  wires 
FFF  is  moveable  round  the  wire  E,  which 
pafles  through  its  ring,  and  refts  upon  the 
next  wire  E,  it  may  be  eafily  removed  from 
that,  and  turned  upon  the  contrary  wire  E i 
and  thus  the  communication  between  one 
row  of  jars  and  another  may  be  difcontinue4 
&t  pleafure*  See  the  figure. 

i Tht 
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The  fquare  box  that  contains  ihxfe  jars 
is  of  wood  lined  at  the  bottom  with  fheet- 
lead  or  t,n-foiI,  and  has  two  handles  01 1 vo 
oppotite  tides,  by  which  it  may  be  eafily 
removed.  In  one  fide  of  the  box  is  a hole, 
through  wh  ch  an  iron  book  B panes, 
which  communicates  with  the  metallic 
lining  of  the  box,  and  cenfiqnently  v ith 
the  oudide  coating  of  all  the  jars.  1 o this 
hook  is  faffened  a wire,  the  other  end  of 
which  is  connected  with  the  difcharging- 
rod. 

7 

The  difeharging-rod  confifts  of  a glafs 
handle  A,  and  two  curved  wires  B J,  which 
move  by  a joint  C,  fixed  to  the  brafs  cap  of 
the  glafs  handle  A.  The  wires  BB  are 
pointed,  and  the  points  enter  the  knobs 
DD,  to  which  they  are  fere  wed,  ar.d  may- 
be unferewed  from  them  at  pleaiure,  By 
this  confer  adtion  we  have  the  opportunity 
of  ufing  the  balls  Or  the  poii  ts,  as  cccaiion 
requires ; and  as  the  wires  .re  moveable  by 
the  joint  C,  they  may  be  adapted  tofmaller 
or  larger  jars  at  pleafure. 
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The  battery,  reprefented  in  the  plate,  is 
a fmall  one  in  companion  to  thofe  now  fre- 
quently ufed,  and  much  too  weak  for  the 
purpole  of  fome  experiments,  hereafter  to 
be  deferibed.  But  I thought  it  fufficient 
to  give  an  idea  of  its  conftrudtion  ; and, 
\yhen  a large  battery  is  to  be  conftrudted, 
I would  recommend  rather  to  make  two, 
three,  or  more  fmall  ones,  as  reprefented  in 
the  plate,  than  a fingle  large  battery,  which 
is  heavy,  and,  on  feveral  accounts,  incon- 
venient. The  force  of  feveral  fmall  bat- 
teries may  be  eafily  united  by  a wire  or  a 
chain,  and  thus  they  may  be  made  to  adt 
like  a large  one. 

\ 

F in  fig.  2.  is  a circular  brafs  plate  hung 
on  the  prime  Conductor  by  a chain,  and 
refting  in  an  horizontal  pofition.  Under- 
neath this,  there  is  another  plate  P parallel, 
and  equal  to  the  former  (but  it  would  be 
better  if  it  were  a little  larger),  which  is  fup- 
ported  by  a ftand  H of  brafs,  having  alfo  a 
focket  to  receive,  the  foot  of  the  plate,  and 
a ferew  G to  fix  It  at  different  heights. 
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D in  fig.  2.  is  a fly  made  of  fmall  brafs 
wires,  fixed  in  a cap  of  brafs  alio ; which  is 
to  be  put  upon  the  pointed  wire  K,  that  is 
fcrewed  to  the  prime  conductor,  upon 
which  it  mu  ft  ftand  in  equilibrio,  like  the 
needle  of  a compafs.  The  other  ends  a,  b , 

x 1 1 

c,  d of  the  wires  are  pointed,  and  bent  all 
one  way. 

N.  B.  Whenever  hereafter  I mention  the 
prime  Conductor,  I mean  the  prime  Con- 
ductor naked,  that  is,  without  the  parallel 
brafs  plates  FP,  without  the  fly  D and  its 
fupporting  pin  K,  without  the  electrome- 
ters E,  and  even  without  the  knobbed  rod 
IB,  which  is  fcrewed  to  it  occafionally ; 
except  the  contrary  is  exprefled. 

It  is  highly  requifite  for  an  EleCtrician 
to  have  by  him  feveral  infulating  ftools,  or 
ftands ; they  being  very  neceflary  for  feveral 
experiments.  The  belt  materials  to  con- 
ftruCt  thefe  are  glafs  covered  with  fealing- 
wax.  Baked  wood  may  alfo  be  ufed*.  A 

large 

* The  wood  fhould  be  baked  very  well,  even  till  it 
feercmes  quite  brown,  it  then  being  in  the  beft  Rate  for 

N 2 infulation 
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large  (tool,  proper  to  infulate  a chair  upon* 
or  two  or  three  perfons  (landing,  may  be 
made  with  a (Irong  board,  about  two  feet 
and  a half  fquare,  and  may  be  fupported  by 
four  feet  of  glafs,  about  eight  inches  long. 
But  fmall  (lands  are  better  made  with  one 
foot  or  pillar,  and  all  of  baked  wood  or  glafs, 
without  any  conducting  fubftance  in  their 
conftruClion.  Wine-glafles,  either  varnifh- 
ed,  or  in  part  covered  with  fealing-wax, 
anfwer  this  purpofe  very  well. 

infulation;  and  to  defend  it  from  moifture,  it  muft  be 
varnifhed  as  foon  as.it  comes  out  of  the  oven,  or  elfe 
boiled  in  linfeed  oil:  but  in  this  cafe,  after  boiling,  it 
fhould  be  made  hot  again,  and  then  it  is  fit  for  ufe. 
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CHAP.  IV. 

I 

Practical  Rules  concerning  the  life  of  the  elec- 
trical Apparatus,  and  the  performing  of 
Experiments . 

/ * 'N . 

IT  often  happens  that  young  Electricians 
are  at  a lofs  to  affign  the  reafon,  why 
fome  experiments  do  not  fucceed  with  them, 
•as  defcribed  in  the  Treatifes  on  EleCtricity. 
Sometimes  they  are  in  poffeffion  of  very 
good  initruments,'but,  by  reafon  of  fome 
circumftance  or  other  unattended  to,  they 
are  quite  ufelefs  in  their  hands.  This  in- 
deed can  be  remedied  by  nothing  but  prac- 
tice, and  it  is  by  long  ufe,  that  the  Elec- 
trician, as  well  as  the  Pradtitioner  in  any 
art  or  fcience,  becomes  fo  good  an  Opera- 
tor, as  to  ufe  his  initruments  to  the  bed: 
advantage.  A few  rules  are  however  very 
neceffary,  to  guide  him  in  his  operations ; 

and  although  thefe  alone  are  infufficient  to 

% 

make  a perfon  a complete  practical  Electri- 
cian, yet,  when  accompanied  with  the  ac- 
tual management  of  the  apparatus,  they  fa- 
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cilitate  the  ufe  of  it,  and  1 render  the  per- 
formance of  the  experiments  more  accurate 
and  expeditiousi 

The  firft  thing  that  the  young  EleCtri- 
cian  Should  obferve,  is,  the  prefervation, 
and  care,  of  his  instruments.  The  electri- 
cal machine,  the  coated  jars,  and  in  Short 
every  part  of  the  eleCtrical  apparatus,  Should 
be  kept  clean,  and  as  free  as  poffible  from 
duSt,  and  moiSture* 

♦ / ^ ^ 

When  the  weather  is  clear,  and  the  air 
dry,  efpecially  in  ferene  and  froSty  weather, 
the  eleCtrical  machine  will  always  work 
well.  But  when  the  weather  is  very  hot, 
the  eleCtrical  machine  is  not  fo  powerful ; 
nor  in  damp  weather,  except  it  be  brought 
into  a warm  room ; and  the  cylinder,  the 
Stands,  the  jars,  &c.  be  made  thoroughly 
dry. 

Before  the  machine  be  ufed,  the  cylinder 
Should  be  firSt  wiped  very  clean  with  a Soft 
linen  cloth,  that  is  dry,  clean,  and  warm ; 
and  afterwards  with  a clean  hot  flannel,  or 
an  old  Silk  handkerchief ; this  done,  if  the 

winch 
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winch  be  turned,  when  the  prime  Con- 
ductor, and  other  inftruments,  are  removed 
from  the  electrical  machine,  and  the  knuckle 
be  held  at  a little  diftance  from  the  fur- 
face  of  the  cylinder,  it  will  be  foon  per- 
ceived that  the  eleCtric  fluid  comes  like  a 
wind  from  the  cylinder  to  the  knuckle,  and, 
if  the  motion  be  a little  continued,  fparks, 
and  crackling  will  foon  follow.  This  in- 
dicates that  the  machine  is  in  good  order, 
and  the  EleCtrician  may  proceed  to  perform 
his  experiments.  But  if,  when  the  winch 
is  turned  for  fome  time,  no  wind  be  felt 
upon  the  knuckle,  then  the  fault  is,  very 
likely,  in  the  rubber ; and  to  remedy  that, 
ufe  the  following  directions  : — By  unfcrew- 
ing  the  fcrews  on  the  back  of  the  rubber, 

1 

remove  it  from  its  glafs  pillar,  and  keep  it 
a little  near  the  fire,  fo  that  its  filk  part 
may  be  dried ; take  now  a dry  piece  of 
mutton-fuet,  or  a little  tallow  from  a can- 
dle, and  juft  pafs  it  over  the  leather  of  the 
rubber,  then  fpread  a frnall  quantity  of  the 
above-defcribed  amalgam  over  it,  and  force 
it  as  much  as  poflible  into  the  leather. 
This  done,  replace  the  rubber  upon  the 
glafs  pillar;  let  the  glafs  cylinder  be  wiped 
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once  mere,  and  then  the  machine  is  fit  for 
me.  In  Mr.  Nairn  f/s  machine  no  amal- 
gam is  put  upon  the  rubber;  but  whilft  the 
clean  rubber  is  on,  and  the  cylinder  turning, 
a piece  of  leather  with  feme  amalgam  fpread 
on  it  is  applied  for  a few  feconds  to  the  un- 
der part  of  the  cylinder,  the  doing  of  which 
will  bring  a fufficient  quantity  of  amalgam 
to  the  rubber. 

Sometimes  the  machine  will  not  work 
weL,  becaufe  the  rubber  is  net  fufhciently 
fuppiied  with  eledric  fluid  ; which  happens 
when  the  table  upon  which  the  machine 
hands,  ana  to  which  t!  e chain  of  the  rub- 
ber is  conceded,  is  very  dry,  and  confe- 
quen  l)  in  a bad  conducting  fiate.  Even 
the  ttuor  and  the  walls  of  the  room  are,  in 
very  ary  weather,  bad  Con  dudors,  and  they 
cannot  fupply  the  rubber  fufficiently.  In 
this  cafe,  the  heft  expedient  is,  to  conned 
the  chain  of  the  rubber,  by  means  of  a long 
wire,  with  feme  inoift  ground,  a piece  of 
water,  or  with  the  iron- work  of  the  water 
pump;  by  which  means  the  rubber  will  be 
fuppiied  with  as  much  eledric  fluid  as  is 
required* 


It 
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It  muft  be  alio  remarked,  that  when  the 
cylinder  is  very  hot,  as  above  iio°,  it  will 
not  aCt  well. 

When  a fufficient  quantity  of  amalgam 
has  been  accurr  id  a ted  upon  the  leather  of 
the  rubber,  and  the  machine  does  not  work 
very  well,  then,  in  fie  ad  of  putting  more 
amalgam,  it  will  be  fufficient  to  take  the 
rubber  off,  and  to  lerape  a little,  that  which 
is  already  upon  the  leather. 

/ 

It  will  be  often  obferved,  that  the  cylin- 
der, after  being  ufed  fome  time,  contradlsr 
fome  black  fpots,  occafioned  by  the  amal- 
gam, or  fome  foulnefs  of  the  rubber,  which 
grow  continually  larger,  and  greatly  obftrudt 
its  eleCtric  power.  Thefe  fpots  muft  be 
carefully  taken  off,  and  the  cylinder  muft  be 
frequently  wiped,  in  order  to  prevent  its 
contracting  them. 

In  charging  eleCtric  jars  in  general,  it 
muft  be  obferved,  that  not  every  machine 
will  charge  them  equally  high.  That  ma- 
chine, whole  eleftric  power  is  the  ftrongeft, 
will  always  charge  the  jars  higheft.  If 

the 


1 86  A Complete  Treatise 

the  coated  jars,  before  they  are  ufed,  be 
made  a little  warm,  they  will  receive,  and 
hold  the  charge  the  better. 


If  feveral  jars  are  connected  together, 
among  which  there  is  one,  that  is  apt  to 
difcharge  itfelf  very  foon,  then  the  other 
jars  will  alfo  foon  be  difcharged  with  that; 
although  they  may  be  capable  of  holding 
a very  great  charge  by  themfelves.  When 
eledtric  jars  are  to  be  difcharged,  the  Elec- 
trician mufl  be  cautious  left,  by  fome  cir- 
cumftance  not  adverted  to,  the  fhock  fhould 
pafs  through  any  part  of  his  body;  for  an  un- 
exp  e died  fhock,  even  when  not  very  ftrong, 
may  occafion  feveral  difagreeable  accidents. 
In  making  the  difcharge,  care  muft  be  taken 
that  the  difcharging-rod  be  not  placed  on 
the  thinned:  part  of  the  glafs,  for  that  may 
caufe  the  burfting  of  the  jar. 


• When  large  batteries  are  difcharged,  jars 
will  be  often  found  broken  in  it,  which 
burft  at  the  time  .of  the  difcharge.  To  re- 
medy this  inconvenience,  Mr.  Nairne  fays 
f he  has  found  a very  effectual  method;  which 
is*  never  to  difcharge  the  battery  through  a 
■ ' gOod 


on  Electricity.  1S7 

good  Conductor,  except  the  circuit  be  at 
lead:  five  feet  long.  Mr.  Nairne  adds,  that 
ever  fince  he  made  ufe  of  this  precaution,  he 
has  difcharged  a very  large  battery  near  a 
hundred  times,  without  ever  breaking  a tin- 
gle jar,  whereas  before  he  was  continually 
breaking  them.  But  here  it  mull  be  con- 
lidered,  that  the  length  of  the  circuit  weak- 
ens the  force  of  the  fhock  proportionably ; 
the  higheft  degree  of  which  is  in  many  ex- 
periments required* 

When  a coated  phial  is  cracked,  either 
by  a fpontaneous  difcharge,  or  by  any 
other  accident,  I remove  the  outfide  coat- 
ing from  the  fractured  part,  and  then  make 
it  moderately  hot  by  holding  it  to  the  flame 
of  a candle,  and  whilft  it  remains  hot,  I ap- 
ply burning  fealing-wax  to  the  part,  fo  as 
to  cover  the  fradture  entirely : taking  care 
that  the  thicknefs  of  the  wax  is  rather  more 
than  the  thicknefs  of  the  glafs.  Laftly/I 
cover  all  the  fealing-wax,  and  alfo  part  of 
the  furface  of  the  glafs  beyond  it,  with  a 
compofltion  made  with  four  parts  of  bees- 
wax, one  of  rofin,  one  of  turpentine,  and  a 
very  little  oil  of  olives;  which  compofl- 
tion 
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tion  I fpread  upon  a piece  of  oiled  lilt, 
and  apply  it  in  the  manner  of  a plaifter. 
With  this  method  I have  repaired  feveral 
broken  phials  fo  effectually,  that  after  being 
frequently  charged,  they  were  at  laft  broken 
by  a fpontaneous  difcharge,  but  in  a dif- 
ferent part  of  the  glafs 

It  is  advifeable,  when  ajar,  and  efpecially 
a battery,  has  been  discharged,  not  to  touch 
its  wires  with  the  hand,  before  the  dif- 
charging-rod  be  applied  to  its  lides  a fccond, 
and  even  a third  time  ; as  there  genera  lly 
remains  a refiduum  of  the  charge -f*,  which 
is  fometimes  very  confiderable. 

* Here  it  is  proper  to  remark,  that  when  jars,  or 
glafs  in  general,  that  is  coated  for  the  purpofe  of 
charging  and  difeharging,  is  in  any  manner  covered 
with  cement  or  fealing-wax,  it  breaks  more  eafily  by 
a fpontaneous  difcharge;  and  it  is  very  remarkable, 
that  the  fraCture  generally  lies  on  the  limits  of  the 
cement. 

f This  refiduum  is  in  great  meafure  occafioned  by 
the  Electricity,  that,  when  the  jar  is  charging,  fpreads 
itfelf  over  the  uncoated  part  of  the  glafs  near  the  coat- 
ing, which  will  not  be  difeharged  at  firit,  but  gradually 
returns  to  the  coating  after  the  frit  difcharge. 


When 
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When  any  experiment  is  to  be  performed, 
which  requires  but  a fmali  part  of  the  ap- 
paratus, the  remaining  part  of  it  lhould  be 
placed  at  a diflance  from  the  machine,  the 
prime  Conductor,  and  even  from  the  table, 
if  that  be  not  very  large.  Candles,  par- 
ticularly, fhould  be  placed  at  a confiderable 
diflance  from  the  prime  Conductor,  for  the 
effluvia  of  their  flames  carry  off  much  of  the 
eleCtric  fluid. 

Laftly,  the  young  Electrician  fhould  be 
cautioned  not  to  depend  on  firft  appearances 
in  Eledtricity.  A new  phenomenon  may 
jtiftly  excite  his  curiofity : it  is  laudable  to 
remark  it,  and  to  purfue  the  hint ; but  at 
the  fame  time  even  the  doubtful  affertion  of 
a new  faCt  fhould  never  be  made,  till  after 
a number  of  fimilar  and  concurring  experi- 
ments. EleCtricity  is  a fcience  that  often, 
deceives  the  fenfes,and  the  moft  experienced 
EleCtrician  frequently  finds  himfelf  mif- 
taken  in  things,  which  perhaps  he  may  have 
before  confidered  as  the  moft  certain. 
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C H A P.  V. 

Experiments  concerning  electric  Attraction 

arid  Repuljion . 

s * 

Experiment  I. 

Che  electrified  Cork-ball  Electrometer. 

* 

WHEN  the  eleCtrical  machine  is  put 
in  order,  and  the  prime  Conductor 
is  fet  fo,  that  the  points  of  the  collector  are 
about  half  an  inch  from  the  furface  of  the 
cylinder,  fix  at  the  end  of  the  prime  Con- 
ductor the  knobbed  rod  IB  fig,  2.  and  hang 
on  it  the  electrometer  with  the  cork-balls 
fig.  3.  The  balls  will  now  touch  one  ano- 
ther, the  threads  hanging  perpendicularly, 
and  parallel  to  each  other.  But  if  the  cy- 
linder of  the  machine  be  whirled  by  turning 
the  winch  E,  then  the  cork  balls  will  repel 
one  another,  and  more  or  iefs,  according 
as  the  EleCtricity  is  more  or  lefs  power- 
ful. 

' ^ c *.  ^ 
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In  this  experiment,  the  glafs  cylinder  ex- 
tra Cting  the  eleCtric  fluid  from  the  rubber, 
throws  it  upon  the  pointed  wires  of  the  col- 
lector, and  in  confequence  upon  the  prime 
Conductor,  and  the  electrometer  ; which  are 
all  connected  together:  and  as  bodies  over- 
charged with  eleCtric  fluid  will  always  re- 
pel each  other,  fo  the  cork-balls  muft  repel 
each  other. 


If  the  electrometer  be  hung  to  a prime 
Conductor  negatively  electrified,  i.  e.  con- 
nected with  the  infulated  rubber  of  the  ma- 
chine, the  cork-balls  will  alfo  repel  each 
other ; for  bodies,  undercharged,  will  re- 
pel each  other,  as  well  as  bodies  over- 
charged with  eleCtric  fluid. 


If,  in  this  ft  ate  of  repulfion,  the  prime 
Conductor  be  touched  with  feme  conduct- 
ing fuhftance  not  infulated,  the  cork-balls 
will  immediately  come  together ; for  thp 
eleCtric  fluid  fuperinduced  upon  the  prime 
Conductor,  and  the  electrometer  communi- 


cating with  it,  will  be  carried  away  to  the 
ground  by  that  conducting  body;  fo  that  in 


this 


cafe 


the  prime  Conductor  can  never  be 


over- 


192  A Complete  Treatise 

overcharged : nor  can  it  be  undercharged, 
if  connected  with  the  rubber;  for  its  defi- 
ciency of  fluid  is  fupplied  through  that  con- 
ducting body,  with  which  it  has  been 
touched.  But  if,  inftead  of  the  conducting 
fubftance,  the  prime  Conductor  be  touched 
with  an  eleCtric,  as  for  inftance  a flick  of 
fealing-wax,  a piece  of  glafs,  &c.  then  the 
cork-balls  will  continue  to  repel  each  other; 
becaufe  the  eleCtric  fluid  cannot  be  con- 
ducted through  that  eleCtric  : hence  we 
have  an  eafy  method  of  determining  what 
bodies  are  Conductors,  and  what  eleCtrics*. 

This  eleCtrical  repulfion  is  alfo  fhewn 
by  the  quadrant  electrometer,  with  a large 
downy  feather,  or  the  like;  for  if  thefe  be 

m 

connected  with  the  prime  Conductor,  and 
the  winch  be  turned,  the  electrometer  will 
raife  its  index,  and  the  feather,  by  the  di- 
vergency of  its  down,  will  appear  fwelled 
in  a beautiful  manner. 

* This  method  in  grofs  will  do  very  well;  but  when 
the  conducing  power  of  fluids  or  fome  other  bodies, 
and  the  degree  of  that  power,  is  to  be  afcertained,  then 
recourfe  mud  be  had  to  other  means,  more  nice  and 
accurate. 

& 

* 
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Experiment  II. 

Attraction  and  Repulfion  of  light  Bodies. 

Conned:  with  the  prime  Conductor  the 
two  parallel  brafs  plates  F,  P,  as  reprefented 
in  fig.  2.  at  about  three  inches  diftance  from 
one  another,  and  upon  the  lower  plate  put 
any  kind  of  light  bodies,  as  bran,  bits  of 
paper,  bits  of  leaf-gold,  &c. ; then  work  the 
machine,  and  the  light  bodies,  will  foon 
move  between  the  two  plates,  leaping  al- 
ternately from  one  to  the  other  with  great 
velocity.  If,  inftead  of  bran,  or  irregular 
pieces  of  other  matter,  fmall  figures  of  men 
or  other  things  cut  in  paper,  and  painted, 
be  put  upon  the  plate,  they  will  generally 
move  in  an  ered  pofition,  but  will  lome- 
times  leap  one  upon  another,  or  exhibit  dif- 
ferent poftures,  fo  as  to  afford  a pleafing 
fpedacle  to  an  obferving  company. 

In  this  experiment,  both  the  attradion 
and  repulfion  of  Eledricity  are  obferved  at 
the  fame  time  : for  when  the  upper  plate 

O F,  which 
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F,  which  communicates  with  the  prime 
Conductor,  is  electrified,  the  fmall  bodies 
placed  upon  the  lower  plate,  together  with 
that  plate,  by  being  within  the  fphere  of 
aCtion  of  the  electrified  upper  plate,  become 
actually  poflefled  of  the  contrary  EleCtricity* 
leaving  their  proper  quantity  of  fluid  in  the 
lower  plate,  or  the  other  conducting  bodies,, 
that  communicate  with  it.  But  bodies  dif- 
ferently electrified  attraCt  each  other;  there-* 
fore  the  plate  F attracts  thofe  light  bodies. 
Now,  as  foon  as  thefe  bodies  touch  the 
plate  F,  they  become  inftantly  poflefled  of 
the  fame  EleCtricity  with  the  plate,  and  will 
therefore  be  immediately  repelled  to  the 
lower  plate,,  which  is  actually  electrified 
with  the  contrary  EleCtricity,  and  by  touch- 
ing the  light  bodies,  aflifts  in  repelling  them 
again  to  the  upper  plate;  and  thus  the, 
plates  continue  to  aCt  upon  the  light  bodies 
alternately. 

That  the  light  bodies  cannot  be  attracted 
by  the  upper  plate,  except  they  become  firft 
poflefled  of  a contrary  EleCtricity,  may  be 
obferved  as  follows  Put  the  faid  light  bo-* 
dies  upon  a clean,  and  dry  pane  of  glafs ; 
x then 
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then  take  off  the  brafs  plate  P,  with  its 
ftand  G,  and  in  its  ffead  put  the  pane  of 
glafs,  holding  it  by  one  corner  j this  done, 
let  the  wheel  of  the  machine  be  turned, 
and  you  will  fee  that  the  light  bodies  are 
not  attracted  by  the  brafs  plate  F ; for  in 
this  cafe  they  have  no  opportunity  of  part- 
ing with  their  proper  quantity  of  fluid,  and 
confequently  cannot  acquire  the  contrary 
Electricity.  But  if  to  the  under  fide  of  the 
pane  of  glafs,  on  which  the  light  bodies  are 
placed,  a Anger  or  any  other  Conductor  be 
prefented,  the  light  bodies  will  be  inftantly 
attracted  by  the  plate  F,  and  will  leap  be- 
tween the  glafs  and  plate,  in  the  fame  man- 
ner as  between  the  two  plates ; for  the fe 
bodies  now  depoflt  their  fluid  upon  the  up- 
per furface  of  the  glafs  plate,  whilft  the 
under  furface  depoflts  its  fluid  upon  the 
finger,  or  other  Conductor,  that  has  been 
brought  near  it**  If  this  experiment  be 

* If  the  above  experiment  be  made  with  a prime 
Conductor  negatively  electrified,  the  effeCt  will  be  the 
fame,  only  the  EleCtricities  of  th?  plates  are  reverfedj, 
j.  e.  the  upper  plate  is  electrified  negatively,  and  the 
under  plate,  by  being  in  the  atmofplpere  of  the  upper  pne, 
is  pofitively  eleCtrified. 

O 2 
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continued,  the  glafs  will  foon  he  charg- 
ed *. 

' t ' ' 

' Experiment  III. 

The  Flying-feather,  or  Shuttle-cock. 

\ * 

:•  . ■ \ 

The  phenomena  of  ele&ric  attraction  and 
repulfion  may  be  reprefented  alfo  with  a 
glafs  tube,  or  a charged  bottle,  and  fome  of 
them  in  a manner  more  fatisfa&ory  than 
with  the  machine. 

# 

Take  a glafs  tube  (whether  fmooth,  or 
rough,  is  not  material),  and  after  having 
rubbed  it,  let  a fmall  light  feather  be  let 
out  of  your  fingers  at  the  diftance  of  about 
eight  or  nine  inches  from  it.  This  feather 
will  be  immediately  attracted  by  the  tube, 
and  will  dick  very  clofe  to  its  furface  for 
a few  fecondsrand  fometimes  longer;  after 
which  time  it  will  be  repelled,  and  if 
the  tube  be  kept  under  it,  the  feather  will 
continue  floating  in  the  air  at  a coniider- 

• * Electric  attraction  and  repulfion  takes  place  alfo 
within  a partial  vacuum,  fuch  as  is  made  by  means  of 
common  air-pumps. 


able 
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able  diftance  from  the  tube,  without  com- 
ing near  it  again,  except  it  firft  touches 
fome  conducting  fubffance ; and  if  you  ma- 
nage the  tube  dexteroufly,  you  may  drive 
the  feather  through  the  air  of  a room  at 
your  pleafure. 

The  reafon  of  this  experiment  is  obvi- 
ous ; for  when  the  feather  is  eleCtrified,  it“ 
cannot  approach  the  tube  again,  except  it 
firft  touches  fome  conducting  body,  be- 
caufe  it  cannot  part  with  its  EleCtricity 
when  floating  in  the  air,  and  therefore  can- 
not acquire  a contrary  EleCtricity : con- 
fequently  it  muft  remain  in  a ftate  incapa- 
ble of  being  again  attracted  by  the  excited 
tube. 

If  it  be  afked,  Why,  when  the  feather  is 
at  firfk  attracted  by  the  tube,  it  fticks  for  fo 
conflderable  a time  to  its  furface  before  it  is 
repelled  ; the  anfwer  is.  That  the  feather 
being  an  eleCtric,  requireth  fome  time  be- 
fore it  acquires  any  conflderable  quantity  of 
EleCtricity. 

There  is  a remarkable  circumftance  at- 
tending this  experiment,  which  is,  that  if 

O 3 the 
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the  feather  be  kept  at  a diftance  from  the 
tube  by  the  force  of  eledtric  repulfion,  it 
always  prefents  the  fame  part  towards  the 
tube:— You  may  move  the  excited  tube 
about  the  feather  very  fwiftly,  and  yet  the 
fame  fide  of  the  feather  will  always  be  prc- 
fented  to  the  tube.  The  reafon  of  this 
phenomenon  is*  that  the  equilibrium  of  the 
eledtric  fluid  in  the  parts  of  the  feather,  be- 
ing once  difturbed,  cannot  eafily  be  re- 
ftored  * becaufe  the  feathef  is  an  eledtric, 
or  at  leafl:  a very  bad  Condudlor.  When 
the  feather  has  acquired  a quantity  of  Elec- 
tricity from  the  tube,  it  is  plain,  that  by 
the  adtion  of  the  excited  tube,  that  fuper- 
induced  Eledtricity  will  be  in  the  greatefl 
part  forced  on  that  fide  of  the  feather 
which  happens  to  be  at  firft  the  fartheft 
from  the  tube*  hence  that  part  will  always 
afterward  be  repelled  the  farthefh 

This  experiment  may  be  agreeably  vari- 
ed in  the  following  manner : — A perfon 
may  hold  in  his  hand  an  excited  tube  of 
fmooth  glafs,  and  another  perfon  may  hold 
an  excited  rough  glafs  tube,  a Ibick  of 
fealing-wax,  or  in  flhort  another  eledtric 

negatively 
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negatively  electrified,  at  about  one  foot  and 
a half  diftance  from  the  fmooth  glafs  tube : 
a feather  now  may  be  let  go  between  thefe 
two  differently-excited  eleCtrics,  and  it  will 
leap  alternately  from  one  eleCtric  to  the 
other;  and  the  two  perfons  will  feem  to 
drive  a fhuttle-cock  from  one  to  the  other, 
by  the  force  of  electricity. 

Experiment  IV. 

T?he  fmall  infulated  Body . 

Tie  a fmall  body,  as  for  inftance  a light 
piece  of  cork,  to  a filk  thread  about  eight 
inches  long,  and  holding  the  thread  by  its 
end,  let  the  fmall  body  hang  at  the  dis- 
tance of  about  eight  inches  from  the  fide 
of  the  prime  Conductor  electrified*  This 
fmall  body,  if  the  electrization  of  the 
Conductor  is  not  ftrong,  will  not  be  at- 
tracted ; for,  being  infulated,  it  cannot,  by 
depofiting  its  fluid  upon,  or  receiving  it 
from,  another  body  (when  the  prime  Con- 
ductor is  electrified  negatively),  become 
contrarily  electrified.  But  if  a finger  or 
any  cor  duCting  fubffance  be  presented  to 

O 4 ' that 
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that  fide  of  the  fmall  body  which  is  fartheft 
from  the  prime  Condudtor,  then  the  fmall 
body  will  immediately  move  toward  the 
prime  Condudtor  ; for  it  has  depofited  its 
own  fluid  upon,  or  acquired  feme  (in  cafe 
the  Condudtor  is  negatively  eledtrified) 
from  the  body  preferred  to  it ; and  when 
this  body  has  touched  the  prime  Conduc- 
tor, it  will  be  inftantly  repelled  from  it,  on 
account  of  the  repullion  exifting  between 
bodies  poflefied  of  the  fame  kind  of  Elec- 
tricity. 

Indeed,  if  this  infulated  body  be  very 
near  to  the  prime  Condudtor,  or  the  prime 
Condudtor  ftrongly  eledtrified,  then  the 
fmall  body  will  be  attradted  without  pre- 
fenting  to  it  any  conducting  fubftance  ; but 
in  this  cafe  its  natural  quantity  of  eledtric 
fluid  will  be  either  repelled  into  the  con- 
tiguous air,  or  crowded  on  that  part  of  the 
body  which  is  fartheft  from  the  prime 
Conductor,  when  the  Condudtor  is  eledtrified 
pojitively  ; but  if  it  be  eledtrified  negatively > 
then  the  additional  quantity  of  fluid,  ne- 
cellary  to  render  the  fmall  body  over- 
charged, will  be  acquired  from  the  air,  or 

the 
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the  natural  fluid  belonging  to  that  body 
will  be  all  crowded  on  that  fide  of  it,  which, 
is  neareft  to  the  prime  Conductor. 

If  this  final!  body,  inftead  of  the  filk,  be 
fufpended  by  a linen  thread,  it  will  be  at- 
tracted at  a much  greater  diftance,  than  in 
the  other  cafe ; for  now  the  eleCtric  fluid 
wdil  be  eafily  conducted  by  the  thread, 
palling  upwards,  or  downwards,  according 
as  the  prime  Conductor  is  electrified,  viz. 
negatively  or  pofitively. 

Experiment  V. 

The  el e Brie  Well. 

Place  upon  an  eledtric  (tool  a metal  quart 
mug,  or  fome  other  conducting  body  nearly 
of  the  fame  form  and  dimenfion ; then  tie 
a fhort  cork-ball  electrometer,  of  the  kind 
reprefented  fig.  3 *,  at  the  end  of  a filk 
thread  proceeding  from  the  cieling  of  the 
room,  or  from  any  other  proper  fupport, 

* Inflead  of  the  electrometer,  there  may  be  ufed  any 
other  kind  of  fmall  conducting  body;  but  that  feems 
belt  adapted  to  fuch  experiments. 


fo 
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fo  that  the  electrometer  may  be  fufpended 
within  the  mug,  and  no  part  of  it  may  be 
above  the  mouth ; this  done,  eleCtrify  the 
mug,  by  giving  it  a fpark  with  an  excited 
eleCtric  or  otherwife,  and  you  will  fee  that 
the  electrometer,  whilft  it  remains  in  that 
infulated  fituation,  even  if  it  be  made 
to  touch  the  fides  of  the  mug,  is  not  at- 
tracted by  it,  nor  does  it  acquire  any  Elec- 
tricity ; but  if,  whilft  it  ftands  fufpended 
•within  the  mug,  a Conductor,  (landing 
out  of  the  mug,  be  made  to  communicate 
with,  or  only  preferred  to  it,  then  the 
electrometer  acquires  an  Electricity  contra- 
ry to  that  of  the  mug,  and  a quantity  of 
it,  which  is  proportionable  to  the  body 
with  which  it  has  been  made  to  communi- 
cate ; and  it  is  then  immediately  attracted 
by  the  mug. 

The  reafon  why  in  this  experiment  the 
electrometer  contracts  no  EleCtricity  whilft 
fufpended  intirely  within  the  cavity  of  the 
mug,  is,  becaufe  the  EleCtricity  of  the  mug 
aCts  upon  the  electrometer  on  all  (ides,  and 
this  has  no  opportunity  of  parting  with  its 
fluid,  when  the  mug  is  eleCtrified  pofitively; 

nor 
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nor  of  receiving  any,  when  the  mug  is 
electrified  negatively.  But,  as  foon  as  any 
Conductor  communicates  with  it,  the  elec- 
trometer becomes  immediately  poffeffed  of 
the  Electricity  contrary  to  that  of  the  mug; 
for  if  the  mug  be  electrified  pofitively,  the 
fluid  belonging  to  the  electrometer  will  be 
repelled  to  that  body,  which  communicates 
with  it ; and  which,  being  out  of  the  mug, 
cannot  be  affected  by  its  Electricity ; and 
if  the  mug  be  electrified  negatively,  it  will 
attract  the  fluid  of  the  electrometer,  which 
actually  receives  an  additional  quantity  of 
it  from  that  conducting  body,  with  which 

it  communicates.  The  electrometer  there* 

* 

fore,  becoming  always  poflefled  of  a con- 
trary Electricity,  muff  neceffarily  be  at- 
tracted-. 

If,  by  railing  the  filk  thread  a little,  part 
of  the  eletrometer,  i.e.  of  its  linen  threads, 
be  lifted  juft  above  the  mouth  of  the  mug, 
the  balls  will  be  immediately  attrated ; for 
then,  by  the  ation  of  the  Eletricity  of  the 
mug,  it  will  acquire  a contrary  Eletricity 
by  giving  to,  or  receiving  the  eletric  fluid 
from,  the  air  above  the  cavity  of  the  mug. 

' It 
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It  has  been  fuppofed  by  feme,  that  the 
electrometer  in  the  above  experiment  (or 
any  other  fmall  infulated  body),  hanging  in 
the  cavity  of  an  electrified  ve/Tel,  or  the 
like,  is  not  attracted  by  the  fides  of  the  - 
veffel,  becaufe  the  attraction  of  EleCtricity, 
being  as  the  fquares  of  the  diftances  in- 
verfely,  cannot  affeCt  the  electrometer  one 
way  more  than  another ; it  being  demon- 
ftrable,  that,  if  to  every  point  of  a fpherical 
concave  furface,  equal  centripetal  forces  are 
directed,  decreafing  as  the  fquares  of  the 
diftances  from  thefe  points,  a fmall  body 
lituated  any  where  within  that  furface, 
would  remain  there,  without  being  attracted 
one  way  more  than  another  *. 

But  to  this  it  may  be  replied,  that  the 
demonftration  of  the  above-mentioned  pro- 
polition,  if  it  is  applicable  to  fpherical,  or 
cylindrical  concave  iurfaces,  cannot,  how- 
ever, be  applied  to  every  kind  of  irregular 

* 

cavities,  with  which  (if  they  exceed  not  a 
certain  fize)  the  above  experiment  fucceeds 
as  well-,,  as  with  the  cylindrical  cavity  of 
the  mug. 

* Newton’s  Principia,  book  I.  prop.  LXX. 
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In  fhort,  in  this  experiment,  when  the 
mug  is  electrified  positively,  it  is  fuppofed, 
I.  That  the  Superinduced  fluid,  taking  its 
place  upon  the  external  SurSace,  occafions 
the  contiguous  air  to  depoSit  its  fluid  upon 
a Subsequent  quantity  oS  air,  and  this  over- 
charged air  occaSions  a contiguous  circle, 
or  quantity  oS  air,  to  depofit  its  fluid  upon 
its  Subsequent  or  next  adjacent  circle,  and 
So  on.  II.  That  none  of  the  Superinduced 
fluid  can  exift  upon  the  internal  Surface  of 
the  mug,  and  therefore  infulated  bodies, 
fntirely  fufpended  therein,  can  acquire  no 
Electricity,  becaufe  the  internal  air  has  no 
opportunity  of  parting  with  its  own  fluid, 
except  a fmall  quantity  about  the  mouth  of 
the  mug,  where,  accordingly,  a little  Elec- 
tricity is  obfervable.  When  the  mug  is 
electrified  negatively,  then  it  is  fuppofed, 
I,  That  the  deficiency  of  fluid  in  the  mug 
is  only  on  its  external  furface ; for  the  air, 
contiguous  to  this  Surface,  by  acquiring 
an  additional  quantity  of  eleCtric  fluid  from 
the  next  ftratum  of  air,  may  become  elec- 
trified pofitively.  II.  That  the  internal 
furface  of  the  mug  is  not  undercharged, 
becaufe  its  contiguous  air,  being  Surrounded 

by 
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by  the  mug,  cannot  become  overcharged, 
by  acquiring  an  additional  quantity  of  fluid, 
except  a fmall  quantity  towards  the  mouth 
of  the  mug,  where,  accordingly,  a little 
Electricity  is  obfervable. 

Experiment  VI, 

f 

To  diftinguijh  the  Quality  of  Electricity  in 

electrified  Bodies . 

Before  we  proceed  farther,  it  is  necef- 
fary  that  we  fhould  defcribe  fome  practical 
method  of  diftingufhing  the  quality  of  the 
Electricity  in  an  electrified  body,  which 
is  abfolutely  neceffary  for  the  right  per- 
formance of  the  enfuing  experiments.  To 
do  this,  different  methods  may  be  followed, 
which  however  are  all  founded,  either  upon 
the  electric  attraction,  and  repulfion,  or 
upon  the  different  appearances  of  the  elec- 
tric light.  To  find  out  the  quality  of 
Electricity  by  the  different  appearances  of 
its  light,  is  a very  convenient,  and  fure 
method ; but  the  phenomena  of  attraction 
and'  repulfion,  afford  one  much  more  gene- 
ral, and  eafy;  for  fometimes  the  quantity 
pf  Electricity  to  be  obferved  is  fo  very 

fmall, 
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fmall,  that  it  will  give  no  light,  though 
it  may  be  hill  capable  of  attracting  or  re-^ 
pelling. 

The  general  method  to  prove  whether 
the  eleftricity  of  a body,  electrified  either 
by  excitation,  or  communication,  is  nega-* 
tive,  or  politive,  is  to  bring  it  pretty  near 
to  an  electrified  electrometer  D or  C fig.  4, 

i / 

and  obferve  whether  the  body  attracts  or 
repels  it;  for  if  the  electrometer  be  electri- 
fied pofitively,  and  the  electrified  body  re- 
pels it,  then  you  may  conclude  that  the 
body  is  alfo  deCtrified  pofitively ; becaufe 
bodies,  pofleffed  of  the  fame  kind  of  Elec- 
tricity, repel  each  other ; but  if  the  body 
prefented  attracts  the  Electrometer,  then  it 
mult  be  electrified  negatively,  becaufe  there 
is  no  eleCtric  attraction  between  bodies, 
ixnlels  they  are  differently  deCtrified ; and 
as  the  electrometer  is  known  to  be  electri- 
fied pofitively,  the  body  is  confequently 
deCtrified  negatively. 

This  may  be  alfo  done  by  electrifying  the 
electrometer  negatively ; but  then  the  ef- 
fects are  juft  the  contrary,  /.  e,  the  electri- 
fied 
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fied  body,  if  negative,  will  repel  the  elec- 
trometer, and  if  pofitive,  will  at  trail  it. 

In  this  experiment,  however,  it  muft  he 
obferved,  that,  if  the  EleCtricity  of  the 
electrified  body  is  much  ftronger  than  that 
of  the  eleilrometer,  or  the  EleCtricity  of 
the  latter  flronger  than  that  of  the  former, 
and  the  electrified  body  be  brought  very 
near  the  electrometer,  then  they  will  at- 
tract one  another,  notwithstanding  they  are 
poflefled  of  the  fame  kind  of  EleCtricity. 
Suppofe,  for  inftance,  that  one  of  the  elec- 
trometers C is  pofitively  electrified,  fo  that 
its  cork-balls  may  diverge  about  half  an 
inch,  and  a glafs  tube  ftrongly  excited  be 
brought  near  it;  when  this  tube  is  a foot 
diftant,  or  more,  the  electrometer  will  be 
a little  repelled  by  it ; but  if  the  tube  be 
brought  nearer,  the  cork-balls,  that  before 
diverged  half  an  inch,  will  now  converge 
till  they  are  in  contaft,  and  appear,  as  they 
actually  are,  uneleCtrified ; becaufe  the  ac- 
tion of  the  excited  tube  has  repelled  their 
fuperfluous  fluid  through  the  threads  up  to 
the  remotefl:  part  of  the  electrometer.  If 
the  tube  be  prefented  ftill  nearer,  the  balls 
2 ' will 
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will  then  be  attracted  by  it,  becaufe  the 
ftronger  Electricity  of  the  tube  repels  not 
only  their  fuperinduced,  but  alfo  their  na- 
tural quantity  of  fluid  up  the  threads,  &c, 
and  therefore  the  balls,  becoming  negative- 
ly eledtrified,  niuft  neceffarily  be  attracted 

by  the  tube. 

Upon  this  principle  an  electrometer  may 
be  electrified  negatively  by  means  of  an 
eleCtric  pofitivejy  excited ; or,  on  the  con- 
trary, it  may  be  eleCtrined  pofitively  by  an 
eleCtric  poflfefled  qf  the  negative  Electrici- 
ty, Take,  for  inftance,  a glafs  tube  excited 
pofitively,  and  bring  it  within  fix  or  feven 
inches  under  the  balls  of  one  of  the  above- 
faid  electrometers  ; in  which  cafe  the  balls 
of  the  electrometer  will  diverge,  becaufe 
their  natural  quantity  of  eleCtric  fluid  has 
been  driven  from  them  to  the  upper  part 
of  the  threads  by  the  aCtion  of  the  tube 
pofitively  excited ; fo  that  the  balls  in  rea- 
lity diverge  with  negative  EleCtricity, 
Now,  in*  this  ftate  touch  the  upper  part 
of  the  threads  of  the  electrometer  with 
your  finger,  which  will  take  off  fome  of  the 
eleCtric  fluid  natural  to  the  electrometer ; 

P after 
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after  which  remove  the  finger,  and  imme- 
diately after  remove  the  glafs  tube,  and 
the  electrometer  will  remain  eleCtrified  ne- 
gatively, becaufe  the  excited  glafs  tube  did 
not  impart  any  eleCtric  fluid  to  the  elec- 
trometer, but  only  dilturbed  the  equili- 
brium of  the  natural  quantity  of  eleCtric 
fluid,  which  belonged  to  it,  and  part  of 
which  efcaped  through  the  finger  that 
touched  the  electrometer,  and  which  did 
eonfequently  remain  in  a negative  ftate.* — r 
After  the  like  manner  the  electrometer  may 
be  eleCtrified  pofitively,  by  means  of  a body 
poffeffed  of  negative  EleCtricity. 

But  fhould  a more  precife  method  than 
the  above  be  required,  to  determine  the 
quality  of  the  EleCtricity  of  an  eleCtrified 
body,  the  following  may  be  ufed  : — Firft, 
eleCtrify  one  of  the  electrometers  C,  placed 
upon  the  ftand  fig.  4,  either  pofitively,  or 
negatively,  at  pleafure:  touch  it,  for  in- 

flrance,  with  an  excited  glafs  tube,  fo  that 

> ^ 

its  balls  may  repel,  and  ftand  about  two 

inches  diftant  from  one  another;  then  touch 

\ 

the  other  electrometer  S with  the  eleCtri- 
fied body,  that  you  defire  to  examine,  fo 

that 
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XP 

that  it  may  be  poffeffed  of  the  fame  degree 
of  EleCtricity : Laftly,  take  either  of  the 
two  electrometers  by  the  top  of  the  glafs 
handle  a,  difengage  it  from  the  arm  of  the 
Hand,  and  brin£  it  near  the  other  eleCtro- 
meter ; if  then  the  balls  of  one  electro- 
meter repel  thofe  of  the  other,  you  may 
conclude  that  they  are  poffeffed  of  the  fame 
kind  of  EleCtricity ; but  if  they  attraCt  each 
ether,  you  may  conclude  that  they  were 
electrified  with  contrary  Electricities ; and 
as  you  know,  the  EleCtricity  of  that  electro- 
meter, which  was  firffc  electrified,  you  will 
of  courfe  know  the  electricity  of  the  other 
electrometer,  /.  e . of  the  electrified  body, 
with  which  it  was  touched . 


The  above  experiment  may  be  alfo  made 
with  the  fingle-thread  electrometers  ; for 
if  they  are  brought  near  to  one  another, 
when  their  feather9  are  electrified,  they 
will,  if  poffefTed  of  the  fame  Electricity,  re- 
pel, or  if  pofTeffed  of  contrary  Electricities, 
attract  each  oth^r. 
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Experiment  VIL 

1'be  inful  ate  d metallic  Rod \ 

Infulate  in  an  horizontal  pofition  a me- 
tallic rod  about  two  feet  long,  having 
blunt  ends,  and  to  one  of  its  ends  fufpend 
an  electrometer,  like  that  reprefented  fig.  3; 
then  bring  within  three  or  four  inches 
diftance  of  its  other  end  an  excited  rfafs 

c 

tube.  On  the  approach  of  the  tube,  the 
balls  of  the  electrometer  will  open,  and  if 
you  prefent  towards  them  a body  pofitively 
eleClrified,  you/  will  perceive  that  they  di- 
verge with  pofitive  EleCtricity.  If  the 
tube  be  removed,  the  balls  come  together 
' again,  and.  no  EleCtricity  remains  in  them, 
or  in  the  metallic  rod.  But  if  while  the 
tube  is  near  one  end  of  the  rod,  and  the 
bails  diverge  with  pofitive  EleCtricity,  the 
other  end  of  the  'rod,  viz.  that  from  which 
the  electrometer  hangs,  be  touched  with 
fome  Conductor,  the  cork-balls  will  come 
immediately  together,  and  they  will  remain 
fo  when  the  Conductor  has  been  removed ; 


- — remove 
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\ 

- — remove  now  the  excited  glafs  tube,  and 
. the  balls  will  immediately  diverge  with  ne- 
gative Electricity ; which  fhows  that  the 
rod  remains  undercharged,  /.  e.  eleCtrified 
negatively.  , 

The  reafon  of  this  experiment  is,  that 
the  repelling  power  of  the  excited  tube, 
driving  the  fluid  of  one  end  of  the  rod  to 
its  other  end,  L e.  to  that,  with  which  the 
electrometer  is  connected,  renders  this  end 
electrified  pofitively  5 but  in  faCt  the  tube 
communicates  no  EleCtricity  to  the  rod,  it 
only  difturbs  the  equable  diffuiion  of  its 
fluid : in  confequence  of  this,  the  electro- 
meter, hanging  to  the  overcharged  end*  of 
the  rod,  mutt  neceffarily  appear  to  be  elec- 
trified pofitively ; but  when  the  tube  is  re- 
moved, then  the  electrometer  appears  again 
uneleCtrified : for  the  fluid,  which  had  by 
the  aCtion  of  the  tube  been  driven  to  one 
end  of  the  rod,  now  retires  to  its  former 
fituation,  and  leaves  the  rod  with  the  elec- 
trometer,  uneleCtrified. 

In  the  fecond  cafe,  when  the  balls  of  the 
electrometer  diverge  with  pofitive  EleCtri- 
city, if  that  end  of  the  rod  be  touched  with 

P 3 fome 
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. fome  conductor,  all  its  fuperfluous  fluid, 
which  is  no  other  than  that  belonging  to 
the  oppofite  end  of  the  rod,  will  be  commu- 
nicated to  that  body,  with  which  the  rod  is 
touched,  and  therefore  the  electrometer  re- 
mains uneleCtrified : but  now  in  faCt  the 
rod  has  loft  fome  of  its  natural  quantity  of 
fluid ; for  if  the  end  of  it,  that  is  farthefi 
from  the  excited  tube,  remains  in  its  natu- 
ral  ftate,  the  other  end  is  undercharged ; 
confequently,  when  the  tube  is  removed, 
the  fmall  quantity  of  fluid  that  remains  in 
the  rod  will  diffufe  itfelf  uniformly  through 

y O 

/ , z 

it ; but  this  quantity  of  fluid  is  lets  than 
that  naturally  inherent  in  the  rod ; the  rod 
will  therefore  remain  undercharged,  and 
hence  the  balls  of  the  electrometer  diverge 
with  negative  EleCtricity. 

✓ 

\ * > * 

This  explanation  is  the  fame  as  that 

mentioned  in  the  preceding  experiment, 
viz.  in  the  method  of  electrifying  an  elec- 
trometer negatively,  with  a body  poffefled 
of  pofitive  eleCtricity,  &c. ; but  as  this  expe- 
riment is  the  bafis,  or  key,  of  feveral  others, 
I {hall  inlift  on  it  a little  longer ; and,  to 

render  its  explanation  more  intelligible  and 

* clear. 
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clear,  I fhall  make  ufe  of  the  following 
diagram : * 

A™ ~*~B. 

Let  the  above-mentioned  infulated  rod 
be  reprefented  by  the  line  A B.  When 
this  rod  is  in  its  natural  date  (in  refpeCt  to 
Electricity)  then  the  eieCtric  fluid  belonging 
to  it,  is  equally  diflfufed  throughout  the  rod. 
But  when  the  excited  tube  is  brought  with- 
in three  or  four  inches  diflance  of  one  of 
the  ends,  for  inftanee  B,  then  the  fluid,  be- 
longing to  that  end,  will  be  driven  to  the 
end  A ; which  end  therefore  becomes  over- 
charged, and  the  end  B undercharged  j yet 
the  rod  has  no  more  ele&ric  fluid  now, 
than  it  had  before ; and  when  the  tube  is 
removed  to  feme  diflance  from  the  rod,  the 
fuperfluous  fluid,  repelled  to  the  end  A, 
returns  to  its  former  place,  i.  e . to  the  end 
B,  and  the  equilibrium  in  the  rod  is  re- 
flored.  But  if,  when  the  fluid  in  the  rod 
is  repelled  to  the  end  A,  this  end  be 
touched,  the  fluid  repelled  thither  will  im- 
mediately be  conducted  away  by  the  body 
that  touched  it,  and  will  leave  the  end  A 
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of  the  rod  in  a natural  ftate ; but  at  the 
fame  time,  the  end  B is  undercharged} 
therefore,  when  the  tube  is  removed,  part 
of  the  natural  fluid  belonging  to  the  end  A, 
will  go  to  the  end  B;  and  thus  the  whoie 
rod  will  remain  undercharged,  i.  e.  nega- 
tively electrified. 

\ 

If  the  above  experiment  be  made  with 
an  electric  negatively  electrified  (for  in- 
ftance,  a rod  of  fealing-wax  inftead  of  the 
excited  glafs  tube)  then  the  apparent  Elec- 
tricities in  the  rod  will  be  juft  the  reverfe 
of  what  they  were  before ; for  in  this  cafe, 
that  end  of  the  rod  to  which  the  electric 
has  been  prefented,  will  be  overcharged, 
and  the  oppofite  end,  undercharged;  which 
oppofite  end,  if  touched  in  this  ftate  with 
feme  conducting  fubftance,  will  acquire 
feme  electric  fluid  from  that  fubftance ; 
and  when,  after  that  lubftance  has  been  re- 
moved, the  excited  electric  is  alfo  removed, 
the  rod  will  remain  overcharged* 

In  making  this  experiment,  care  muft 
be  taken  that  the  end  of  the  rod  be  very 
blunt,  and  that  the  electric  be  not  very 

powerfully 
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powerfully  excited  j otherwife  a fpark  may 
pafs  from  this  to  the  rod,  which  renders  the 
experiment  precarious. 

Experiment  VIII- 


"The  two  infulaied  metallic  Rods . 


Take  two  rods  of  metal,  each  about  a 
foot  long,  furnifhed  with  knobs  at  both 
ends,  and,  either  by  fiik  lines,  or  by  infu- 
lating  ftools,  infulate  them,  fo  that  they 
may  ftand  horizontally  in  one  direction* 
and  about  ~ of  an  inch  diftance  from  one 
another.  To  the  middle  of  each  of  thefe 
rods  hang  an  eledrometer,  like  that  repre- 
fen  t ed  fig.  3.  This  done,  take  an  excited 
glafs  tube,  and  bring  it  to  about  three 
inches  diftance  from  the  knob  of  one  of 
the  rods ; on  doing  which,  the  electrome- 
ters of  both  rods  will  appear  eledrified  i 
keep  the  tube  in  that  fituation  for  about  two 
feconds,  then  remove  it.  The  rods  now 
will  remain  eledrified,  as  appears  by  the 
eledrometers ; the  firft,  viz.  that  to  which 
the  excited  tube  had  been  prefented,  re- 
maining negative,  and  the  other  pofitive. 

9 The 
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The  reafon  of  this  phenomenon  is,  that 
when  the  tube  was  near  the  end  of  one  of 
the  rods,  the  action  of  its  fluid  repelling 
the  fluid  of  that  rod,  caufea  it  to  pafs  in  a 
fpark  to  the  other  contiguous  rod;  on  which 
account,  when  the  tube  was  removed,  the 
firfl:  rod,  having  loft  fome  of  its  natural  fluid, 
remained  undercharged;  and  the  other  rod, 
acquiring  the  fluid  loft  by  the  former,  be- 
came overcharged. 

In  this  experiment*  if,  inftead  of  the  glafs 
tube,  an  electric,  negatively  excited,  be 
brought  near  the  end  of  one  rod,  then  that 
rod  will  be  electrified  pofitively,  and  the 
other  negatively ; for  the  action  of  this  elec- 
tric, producing  juft  the  contrary  effect  of  the 
glafs  tube,  inftead  of  repelling  the  fluid  of 
the  firft  rod  jnto  the  fecond,-  attracts  that  of 
the  fecond  into  the  firft* 

In  this  experiment  the  electric  does  not 
communicate  a/iy  electricity  of  its  own,  but 
only  difturbs  the  equilibrium  between  the 
fluid  of  the  rods. 


CHAP, 
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CHAP.  VI. 

Experiments  on  elect ric  Light » 

! 

following  experiments  require  to 
JL  be  made  in  the  dark ; for  although 
the  ele&ric  light*,  in  feveral  circumftanceS* 
may  be  feen  in  the  day-light,  yet  its  ap- 
pearance in  this  manner  is  very  confufed  $ 
and,  that  the  Electrician  might  form  a bet- 
ter  idea  of  its  different  appearances,  it  is  ab- 
folutely  neceflary  to  perform  fuch  expert 
ments  in  a darkened  room. 


Experiment  L 

'The  Star  and  Pencil  of  cleSlric  Light , 

? . i'  . \ 

When  the  electrical  machine  is  in  good 
order,  and  the  prime  Conductor  is  fituated 
with  the  collector  fufficiently  near  the  glafs 
cylinder  (which  fitiiation  I fhall  call  here- 
after its  proper  place)  turn  the  winch,  and 
you  will  fee  a lucid  ftar  at  each  of  the 
points  of  the  collector.  This  ftar  is  the 

conftant: 
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conftant  appearance  of  the  electric  fluid  that 
is  entering  a point.  At  the  fame  time,  you 
will  fee  a ftrong  light  proceeding  from  the 
rubber,  and  fpreading  itfelf  over  the  fur- 
face  of  the  cylinder ; and,  if  the  excitation 
of  the  cylinder  is  very  powerful,  denfe 
dreams  of  fire  will  proceed  from  the  rub- 
ber, and,  darting  round  almoft  half  the  cir- 
cumference of  the  cylinder,  will  reach  the 
points  of  the  collector 

• \ .'r  • 

If  the  chain  of  the  rubber  be  taken  oft, 
and  a pointed  body  (as  for  inftance,  the 
point  of  a needle  or  pin)  be  prefented  to 
the  back  of  the  rubber,  at  the  diftance  of 
about  two  inches,  a lucid  pencil  of  rays 
will  appear  to  proceed  from  the  point  pre- 
fented, and  diverge  towards  the  rubber. 

* If  the  prime  Conductor  be  removed,  the  denfe 
dreams  of  fire  will  go  quite  round  the  cylinder;  reaching 
from  one  fide  of  the  rubber  to  the  other.— -By  obferving 
or>  which  fide  of  the  cylinder  thofe  dreams  are  mod  co- 
pious, it  may  be  eafily  determined  which  fide  of  the  rub- 
ber prefles  more  or  lefs  upon  the  cylinder,  or  is  better 
Covered  with  amalgam,  or,  in  fhort,  which  fide  is  the 
mod  o,r  lead  fit  for  the  excitation  of  the  glals. 


This 
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This  pencil  is  the  conftant  appearance  of 
the  electric  fluid  ifluing  from  a point ; and 
in  faCt,  it  now  comes  out  of  the  point*  in 
order  to  fupply  the  rubber,  which  is  con- 
ftantly  exhaufted  by  the  cylinder  in  mo* 
tion. 

If  another  pointed  body  be  prefented  to 
the  prime  Conductor,  it  will  appear  illumi- 
nated with  a ftar ; but  if  a pointed  wire* 
or  other  pointed  conducting  body*  be  con- 
nected with  the  prime  Conductor,  it  will 
throw  out  a pencil  of  rays ; for  the  prime 
Conductor  being  overcharged*  the  fluid  de- 
parting from  it  muft,  agreeably  to  the  law* 
form  a pencil  on  that  point  from  which  it 
flies  off,  and  a ftar  on  that  point  which  it 
enters 

F.  Bec« 

* It  may  be  afked,  why  the  eledtric  fluid  entering  a 
point,  caufeth  the  appearance  of  a ftar ; and  when  go* 
ing  out  of  the  point,  caufeth  the  appearance  of  a brufti 
of  rays  ? In  anfwer  to  this  queftion*  F.  BeccariA 
fuppofes,  that  the  ftar  is  occafioned  by  the  difficulty 
with  which  the  eledtric  fluid  is  extricated  from  the  air* 
which  is  an  eledtric.  Suppofe,  for  inftance,  that  a 
pointed  wire  is  prefented  to  a body  pofitively  eledtri.fied* 
the  electric  fluid  is  firft  from  that  body  communi- 
cated 
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F.  Beccaria  remarks,  that  if  two 
equally  fharp  points  are  approached  to  a. 
prime  Conductor,  they  will  appear  lumi- 
nous at  only  half  the  distance  at  which 
one  of  them  would  have  done. 

- ' ; r J ...  » . , fj  . 

From  this  experiment  may  be  learned' 
the  method  of  diftinguifhing  the  quality  of 
the  Electricity  of  an  eledtrified  body,  by 
the  appearance  of  the  eleCtric  light;  for  if 
a needle,  or  any  other  pointed  body,  be 
prefented  in  the  dark,  with  the  point  to- 
wards a body  ftrongly  electrified,  it  will 
appear  illuminated  with  a ftar,  when  that 
body  is  electrified  pofitively,  and  with  a 
pencil  or  brufh,  when  it  is  electrified  nega- 
tively. 

Here  it  is  proper  to  remark,  that  when 
two  points  (one  of  which  is  connected  wfith 


Cated  to  the  air  between  it  and  the  wire,  and  then  the 
wire  muft  extricate  it  from  that  air.  The  brufh,  he  fup- 
pofes  to  be  occafioned  by  the  force  with  which  tf?e  elec- 
tric fluid,  going  out  of  a point,  runs  through  the  conti- 
guous air  to  that  which  is  more  remote  from  it;  i.  e.  by 
' dividing  the  contiguous  air,  and  not  by  affixing  itfelf 
tQ  it. 


the 
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the  prime  Conductor,  or  the  rubber)  are  op- 
pofed to  one  another,  the  appearance  of  light 
in  both  is  pretty  much  the  fame.  Mr, 
Wilcke  remarks,  that  when  a point  not 
electrified,  is  oppofed  to  another  point  elec- 
trified pofitively,  the  cones  of  light,  which 
otherwife  would  appear  upon  them,  difap- 
pear ; but  that  if  a pofitive  cone  be  oppofed 
to  a negative  cone,  they  both  prefer ve  their 
own  charadteriftic  properties 

Experiment  II. 

1 

Drawing  Sparks . 

Let  the  prime  Conductor  be  fituated  in 
its  proper  place,  and  eleCtrify  it  by  work« 
ing  the  machine 5 then  bring  a metallic 
rod  with  a round  knob  at  each  end,  or  the 
knuckle  of  a finger,  within  a proper  dis- 
tance of  the  prime  Conductor,  and  a fpark 
will  be  feen  between  that  and  the  knuckle, 
or  knobbed  wire.  The  longer  and  ftrono-er 

O yj 

Wilcke,  p.  140,—  See  BrccARjA’s  Art.  Eledh 
§ 941,  and  following. 


fpark 
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fpark  is  drawn  from  that  end  of  the  prime 
Conductor  which  is  far  theft  from  the  cy> 
linder,  or  rather  from  the  end  of  the 
knobbed  rod  I B,  fixed  at  its  end  B, 

fig-  2 ** 

This  fpark  (which  has  the  fame  appear-* 
ance,  whether  drawn  from  a prime  Con- 
ductor poiitively,  or  negatively  electrified) 
• appears  like  a long  line  -f*  of  fire,  reaching 
from  the  Conductor  to  the  oppofed  body; 
and  often  (particularly  when  the  fpark  is 
long,  and  different  conducting  fubftances 
are  near  the  line  cf  its  direction)  it  will 
have  the  appearance  of  being  bent  to 
ftiarp  angles  in  different  places,  exaCtly  re- 
fembling  a flafh  of  lightning,  Notwith- 
ftanding,  however,  this  extended  appear- 
ance, which  is  imputed  to  the  quick  paf- 
fage  of  the  luminous  matter,  the  eleCtric 


* The  reafon  of  this  is,  becaufe  that  end  of  the  prime 
Conductor  is  lefs  influenced  by  the  atmofphere  of  the  ex- 
cited cylinder. 

* 

t It  often  darts  brifihes  of  light  fide  ways,  in  every 
direction. 

* fluid 
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fluid  paffing  from  one  body  to  another  in  a ’ 
fpark,  is  reafonably  thought  to  proceed  in 
a feparate,  and  nearly  globular  body. 

The  direction  of  the  fpark  often  deceives 
the  mold  experienced  Electrician,  it  fieem- 

1 7 

ing  fome times  to  proceed  from  one  place, 
and  at  other  times,  under  the  fame  circum- 
ftances,  to  proceed  from  the  oppolite. 
When  the  prime  Conductor  is  eleCtrified 
pofitively,  the  fpark  muft  certainly  proceed 
from  it,  and  go  to  the  body  prefented ; and 
when  the  prime  Conductor  is  eleCtrified 
negatively,  the  fpark  muft  proceed  from 
the  body  prefented,  and  go  to  the  Con- 
ductor. This,  however,  we  learn  by  rea- 
foning  from  other  experiments ; for  the 
real  direction  of  the  fpark  in  the  above 
experiment,  is  much  more  rapid  in  its 
motion  than  to  admit  its  form,  much  lefs 
its  direction,  to  be  perceived  by  our  eyes. 
With  Mr.'  Na-irne’s  machine,  which  is 
very  powerful,  it  is  obfervable,  firft,  that  the 
fparks  from  the  negative  Conductor  are 
more  pungent  than  thofe  from  the  pofitive ; 
and  fecondly  (which  may  be  the  caufe  of  the 
preceding  effeCt),  that  when  a blunt  body  is 

prefented  4 
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prefented  to  the  negative  Condu&or,  the 
fpark  appears  branched  towards  the  Con- 
ductor, and  concentrated  in  bne  ftock  to- 
wards the  body  ; but  with  the  pofitive  Con- 
ductor the  appearahce  of  the  fpark  is  juft 
the  reverfe. 

A } . \ ' 

A longer  fpark  iiiay  be  drawn  from  d 
larger  than  from  a fmaller  Conductor,  ex- 
cept when  the  Conductor  exceeds  a certain 
iize.  The  Conductor,  which,  when  put 
before  an  ordinary  eleCtrical  machine.  Will 
give  fparks  about  equal  in  length  to  the 
diameter  of  the  glafs  cylinder  of  the  ma- 
chine, is  the  largeft  that  can  be  ufed  to 
advantage  $ for  a longer  fpark  cannot  be 
obtained,  except  in  fome  particular  cafes, 
viz . when  fome  particles  of  duft,  or  other 
extraneous  matter,  happen  to  be  inter- 
pofed  between  the  Conductor  and  the  brafs 
ball,  or  other  fubftance,  that  is  oppo- 
fed  to  it,  &c.  as  will  appear  from  the  fol- 
lowing reafoning: — The  circumference  of 
the  glafs  cylinder  is  nearly  eqUal  to  three 
times  its  diameter.  The  rubber,  with  its 
piece  of  filk,  &c.  may  occupy  about  one 
third  part  of  the  faid  circumference,  and 

confequently 
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tonfequently  the  colledtor  of  the  Conduc- 
tor, when  put  in  the  middle  of  the  re- 
maining furface,  at  moft  cannot  be  far- 
ther from  the  rubber  than  the  length  of 
one  diameter  of  the  cylinder,  viz.  one 
third  part  of  the  circumference;  there- 
fore it  is  plain,  that  if  the  condudtor  could 
give  a fpark  longer  than  the  diameter  of 
the  cylinder,  the  fpark  would  be  darted  to 
the  rubber*  rather  than  to  any  other  body 
placed  farther  off  from  the  Conductor - 
When  the  rubber  of  the  machine  is  made 
to  communicate  with  the  earth,  by  means 
of  imperfedt  Conductors,  as  a piece  of  wood, 
&c.  then  the  Condudtor  will  give  a fpark 
generally  longer  than  when  perfedt  Conduc- 
tors are  employed  for  the  faid  communica- 
tion. In  this  cafe  it  may  happen,  that  a 
fpark  fome  fmall  matter  longer  than  the 
diameter  of  the  cylinder,  might  be  ob- 
tained. 


Expe-t 
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Experiment  III. 

7" 'ofire  inflammable  Spirits. 

..  * U i F %%  ■<  1 * ; .! 

The  power  of  the  eledtric  fpark  to  fet 
fire  to  inflammable  fpirits,  may  be  exhi- 
bited by  feveral  different  methods ; but 
more  eafily  thus  : — Hang  to  the  prime 
Conductor  a fhort  rod,  having  a fmall 
knob  at  its  end,  then  pour  fome  fpirit  of 
wine,  a little  warmed,  into  a metal  fpoon  * ; 
hold  the  fpoon  by  the  handle,  and 
place  it  in  fuch  a manner,  that  the  fmall 
knob  on  the  rod  may  be  about  one  inch 

i • 

above  the  furface  of  the  fpirit.  In  this 
fituation,  if,  by  turning  the  winch,  a fpark 
be  made  to  come  from  the  knob,  it  will 
fet  the  fpirit  on  fire. 

r % 

* The  readieft  way  to  warm  the  fpirits  for  this  ex- 
periment, is  to  fet  it  on  fire  with  a candle  when  it  is  in 
the  fpoon,  and,  after  it  has  burned  for  about  two  or 
three  leconds,  to  blow  it  out  with  your  breath.  In  this 
ftate  it  will  be  found  very  ready  to  take  hire,  even  by  a 
fmall  fpark.. 

* » 14 
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This  experiment  happens  in  the  very 
fame  manner,  whether  the  Conductor  is 
electrified  pofitively  or  negatively,  /.  e . 
whether  the  fpark  be  made  to  come  from 
the  Conductor  or  from  the  fpoon ; it  be- 
ing only  in ' confequence  of  the  rapid  mo- 
tion of  the  fpark  that  the  fpirits  are  kin- 
dled. 

v * i ♦ 

> , K 

It  will  be  perhaps  fcarce  neceffarv  to  re- 
mark, that  the  more  inflammable  the  fpi- 
rits are,  the  more  proper  they  will  be  for 
this  experiment,  as  a fmaller  fpark  will  be 
fufficient  to  inflame  them;  therefore  rec- 
tified fpirit  of  wine  is  better  than  com- 
mon proof  fpirit,  and  aether  is  better  than 
either. 

This  experiment  may  be  varied  different 
Xvays,  and  may  be  rendered  very  agreeable 
to  a company  of  fpeCtators.  A perfon,  for 
inhance,  handing-  upon  an  eleftric  hoo!, 
and  communicating  with  the  prime  Con- 
ductor, may  hold  the  fpoon  with  the  fpi^ 
rits  in  his  hand,  and  another  perfon,  hand- 
ing upon  the  floor,  may  fet  the  fpirits  on 

n.3-  fire. 
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fire,  by  bringing  his  finger  within  a fmall 
diftance  of  it.  Inftead  of  his  finger,  ho 
may  fire  the  fpirits  with  a piece  of  ice  i 
when  the  experiment  will  feem  much  more 
furprizing.  If  the  fpaon  is  held  by  the 
perfon  Handing  upon  the  floor,  and  the  in- 
fulated  perfon  brings  fome  conducting  fub- 
flance  over  the  furface  of  the  fpirit,  the 
experiment  fucceeds  as  well. 

* 

Mr.  Winckler  faySj  “ that  oil,  pitch, 
u and  fealing-wax,  might  be  lighted  by 
“ eledtric  iparks,  provided  thofe  fubftances 
iC  were  firft  heated  tp  a degree  next  to 
“ kindling.  To  thefe  it  muft  be  added, 
“ that  Mr.  Gralath  fired  the  fmoke  of 
“ a candle  juft  blown  out,  and  lighted  it 
u again ; and  that  Mr.  Boze  fired  gun- 
“ powder,  melting  it  in  a Ijpoon,  $nd  firft 
“ the  vapour  that  rofe  from  it  *• 

* Priestley’s  Hift.  ofEleft.  period  VII, 


Expe- 
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Experiment  IV. 

7*  * * ‘ 

d 

tfhe  artificial  Bo  Ionian  Stone  illuminated 
by  the  eleblfic  Light . 


The  moft  curious  experiment  to  fhew 
the  penetrability  of  the  eledtric  light,  is 
made  with  the  real,  or  with  the  artificial 
Bolonian  ftone,  which  is  procured  more 
eafily,  and  was  invented  by  the  late 
Mr.  J.  Canton.  This  phofphorus  is  a 
calcareous  jfubftance,  generally  uled  in  the 
form  of  a powder,  which  has  the  property 
of  appealing  lucid,  when  brought  into  the 
dark  after  having  been  expofed  {o  {he 
light  *. 


Put 

* The  method  of  making  thi^  phofphorus  is  as  foIr 
lows:  f*  Calcine  fome  common  oyfter-itiells”  (if  they 
be  o!d?  apd  half  calcined  by  time,  fuch  as  are  com- 


monly fojtnd  upon  the  fea-fhore,  they  are,  as  Mr.  W. 
Canton  obferves,  fo  much  the  better)  by  keeping 
u thepi  in  a good  .coal-fire  for  half  an  hour;  let  the 
* pureft  part  of  the  calx  be  pulverized  and  lifted'; 
5‘  mix  with  three  parts  of  this  powder  one  part  of  the 
flowers  of  fulphur ; let  this  mixture  be  rammed  into 
a crucible  of  about  an  inch  and  a half  jn  depth,  till  it 

£ » be 
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* 

Put  fo me  of  this  powder  in  a clear  glais 
phial,  and  flop  it  with  a glafs  ftopper,  or  a 
cork  and  fealing-wax.  If  this  phial  be  kept 
in  a darkened  room  (which  for  this  expe- 
.riment  mufr  be  very  dark)  it  will  give  no 
light ; but  let  two  or  three  ftrong  fparks 
be  drawn  from  the  prime  Conductor,  when 
the  phial  is  kept  at  about  two  inches  dis- 
tance from  the  fparks,  fo  that  it  may 
be  expofed  to  that  light,  and  this  phial 
will  receive  the  light,  and  afterwards  will 
appear  illuminated  for  a considerable k 
time, 

✓ -■ 

cc  be  almoff:  full;  and  let  it  be  placed  in  the  middle,  of 
tc  the  fire,  where,  it  muff:  be  kept  red-hot  for  one  hour 
u at  leaf!,  and  then  fet  it  by  to  cool : when  cold,  turn 
“ it  out  of  the  crucible,  and  cutting  or  breaking  it  to 
“ pieces,  fcrape  off,  upon  trial,  the  brighteft  parts  : 
« which,  if  good  phofphorus,  will  be  a white  powder, 
and  may  be  preferved  by  keeping  it  in  a dry  phial 
“ with  a ground  ftopple.'7 

If  this  phofphorus,  whether  in  the  phial  or  not,  be 
kept  in  the  dark,  it  will  give  no  light,  but  if  expofed 
to  the  light,  either  of  the  day,  or  of  any  other  luminous 
body,  and  afterwards  brought  into  a dark  place,  it  will 
then  appear  lucid  for  a confiderable  time.  For  farther 
properties  of  this  phofphorus,  fee  the  Phil.  JTranf,  \ oL 

LVIIk 

- 
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This  powder  may  be  ftuck  upon  a board 
by  means  of  the  white  of  an  egg,  fo  as  to 
reprefent  figures  of  planets,  letters,  or  any 
thing  elfs,  at  the  pleafure  of  the  operator, 
and  thefe  figures  may  be  illuminated  in  the 
dark,  in  the  fame  manner  as  the  above-de- 
icribed  phiah 

* 

A beautiful  method  to  exprefs  geometri- 
cal figures  with  the  above  phofphorus,  is 
to  bend  fmall  glafs  tubes,  of  about  the 
tenth  part  of  an  inch  diameter,  in  the  fhape 

of  the  figure  defired,  and  then  to  fill  them 

\ 

with  the  phofphorus  powder.  Thefe  may 
be  illuminated  in  the  manner  defcrlbed, 

✓ v 

and  they  are  not  fo  fubjedt  to  be  fpoiled, 
as  the  figures  reprefented  upon  the  board 
frequently  are, 

■■  i 

/ 

The  belt  method  of  illuminating  this 
phofphorus,  and  was  that  Mr.  W.  Cam- 
ton  generally  ufed,  is  to  difcharge  a fmall 

dedtric  jar  near  it, 

, / > 

Paper,  after  being  made  dry  and  rather 
hot,  marble,  oyfter-fhells,  and  moft  calca- 
reous fubftances,  efpecially  when  burned  to 

lime, 
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lime,  have  the  property  of  being  illumi- 
nated by  the  light  given  by  the  difcharge 
of  a jar,  though  not  fo  much  as  the  above- 
mentioned  phofphorus. 

Experiment  V. 

'The  luminous  Conductor. 

' i 

Fig.  6.  Plate  I.  reprefents  a prime  Con- 
dudtor  invented  by  Mr,  Heni,y,  which 
(hews  clearly  the  dirediion  of  the  eledtyic 
fluid  paffing  through  it,  from  whence  it  is 
called  the  luminous  Conduffior  The  mid-* 
die  part  EF  of  this  Conductor,  is  a glafs 
tube  about  eighteen  inches  long,  and  three 
or  four  inches  in  diameter.  To  both  ends 

* j 7 

of  this  tube  the  hollow  brafs  pieces  FD, 
BE,  arc  cemented  air-tight,  one  of  which 
has  a point  C,  by  * which  it  receives  the 
eledtric  fluid,  when  fet  near  the  excited 
cylinder  of  the  eledtrical  machine,  and  the 

* An  inftrument  much  like  this  Conductor  was 
Tome  years  ago  contrived  by  Dr.  Watson,  with  which 
he  made  feveral  original  experiments  upon  the  ele&ric 
Tight. 
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other  has  a knobbed  wire  G,  from  which  a 
ftrong  fpark  may  be  drawn  ; and  from  each 
of  the  pieces  FD,  BE,  a knobbed  wire 
proceeds,  within  the  cavity  of  the  glafs  tube. 
The  brafs  piece  F D,  or  B E,  is  compofed 
of  two  parts,  /.  e.  a cap  F cemented  to  the 
glafs  tube,  and  having  a hole  with  a valve, 
by  which  the  cavity  of  the  glafs  tube  may 
be  exhauftedof  air;  and  the  ball  D,  which 
is  fcrewed  upon  the  cap  F.  The  fup- 
porters  of  this  inftrument  are  two  glafs  pil- 
lars fattened  in  the  bottom  board  H,  like 
the  prime  Condudtor  reprefented  fig.  2, 
When  the  glafs  tube  of  this  Conductor  is 
exhaufted  of  air  by  means  of  an  air-pump, 
and  the  brafs  ball  is  fcrewed  on,  as  repre- 
fented in  the  figure,  then  it  is  £t  for  ufe, 
and  may  ferve  for  a prime  Conductor  to  an 
electrical  machine. 

* *44  / 

If  the  point  C pf  this  Condu&pr  is  fet 
near  the  expited  cylinder  of  the  machine, 
it  will  appear  illuminated  with  a ftar ; af 
the  fame  time  the  glafs  tube  will  appear  all 
illuminated  with  a weak  light;  but  fro n$ 
the  knobbed  wire,  that  proceeds  within  the 
glafs  from  the  pi?ce  FD,  a lucid  pend} 

will 
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will  iflue  out,  and  the  oppoiite  knob  will 
appear  illuminated  with  a ftar  or  round 
body  of  light,  which,  as  well  as  the  pencil 
of  rays,  is  very  clear,  and  difcernible  among 
the  other  light,  that  occupies  the  greateft 
part  of  the  cavity  of  the  tube. 

If  the  point  C,  inftead  of  being  prefent- 
ed  to  the  cylinder,  be  connected  with  the 
rubber  of  the  machine,  the  appearance  of 
light  within  the  tube  will  be  reverfed ; the 
knob  which  communicates  with  the  piece 
FD  appearing  illuminated  with  a ftar,  and 
the  oppofite  with  a pencil  of  rays ; becaufe 
in  this  cafe  the  direction  oftthe  eledlric  fluid 
is  juft  the  contrary  of  what  it  was  before  ; 
it  then  going  from  D to  B,  and  now  com- 
ing from  B and  going  to  D. 

If  the  wires  within  the  tube  EF*  inftead 
of  being  furnifhed  with  knobs,  be  pointed, 
the  appearance  of  light  is  the  fame,  but  it 
feems  not  fo  ftrong  in  this,  as  in  the  other 
cafe. 


Expe- 
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Experiment  VI. 

The  conducting  Glafs  Tube. 

> 1 r 

Take  a glafs  tube  of  about  two  inches 
diameter,  and  about  two  feet  long ; fix  to 
one  of  its  ends  a brafs  cap,  and  to  the  other 
a flop-cock,  or  a valve  ; then  by  means  of 
an  air-pump  exhauft  it  of  air.  If  this  tube 
be  held  by  one*  end,  and  its  other  end  be  * 
brought  near  the  electrified  prime  Conduc- 
tor, it  will  appear  to  be  full  of  light,  when- 
ever a fpark  is  taken  by  it  from  the  prime 
Conductor  ; and  much  more  fo,  if  an  elec- 
tric jar  be  difcharged  through  it. 

■ 

i 4.  y 1 

This  experiment  may  alio  be  made  with 
the  receiver  of  an  air-pump. — Take,  for  in- 
fiance,  a tall  receiver,  clean  and  dry,  and 
through  a hole  at  its  top  infert  a wire, 
which  muft  be  cemented  air-tight.  The 
end  of  the  wire,  that  is  within  the  tube, 
muft  be  pointed,  but  not  very  fharp ; and 
the  other  end  muft  be  furnifhed  with  a 
knob.  Put  this  receiver  upon  the  plate  of 

the 


238  A Complete  Treatise 

the  air-pump,  and  exhaufi:  it.  If  now  the 
knob  of  the  wire  at  the  top  of  the  receiver 
be  touched  with  the  prime  Conductor*, 
every  fpark  will  pafs  through  the  receiver 
in  a denfe  and  large  body  of  light,  from 
the  wire  to  the  plate  of  the  air-pump. 

1 • 

It  muft  be  obfcrved,  that  when  the  air 
is  very  much  rarefied,  the  eledtric  light  in 
it  is  lefs  denfe,  though  more  diffiifed,  and 
contrarywife* 

A 

ExjERIMENt  VII. 

The  Aurora  Borealis . 

Take  a phial  nearly  of  the  fhape  and  fize 
of  a Florence  flafk ; fix  a ftop-cock  or  a 
valve  to  its  neck,  and  exhaufi:  it  of  air  as 
much  as  it  is  poflible  with  a good  air- 
pump.  If  this  glafs  be  rubbed  in  the  com- 
mon manner  ufed  to  excite  eledtrics,  it  will 

* When  any  thing  is  to  be  touched  with  the  prirnfc 
Conductor,  that  is  not  very  portable,  as  the  air-pump 
^bove-mentioned,  the  communication  between  the 
former  and  the  latter  may  be  made  by  means  of  a rod 
fornifhed  with  an  electric  handle);  or  the  like. 

I 
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appear  luminous  within,  being  full  of  a 
flafhing  light,  which  plainly  refembles  the 
aurora  borealis,  or  northern  light.  This 
phial  may  alfo  be  made  luminous  by  hold* 
ing  it  by  either  end,  and  bringing  the  other 
end  to  the  prime  Condu&or;  in  this  cafe  all 
the  cavity  of  the  glafs  will  inftantly  appear 
full  of  flalhing  light,  which  remains  in  it  for 
a confiderable  time  after  it  has  been  re* 
moved  from  the  prime  Condudton 

Inftead  of  the  above-defcribed  glafs  vef- 

t 

fel,  a glafs  tube,  exhaufted  of  air  and  her- 
metically fealed,  may  be  ufed,  and  perhaps 
with  greater  advantage*  The  moft  remark- 
able circumftance  of  this  experiment  is, 
that  if  the  phial  or  tube,  after  it  has  been 
removed  from  the  prime  Conductor  (and 
even  feveral  hours  after  its  flafhing  light 
hath  ceafed  to  appear)  be  grafped  with  the 
hand,  ftrong  flafhes  of  light  will  immediately 
appear  within  the  glafs,  which  often  reach 
from  one  of  its  ends  to  the  other. 

The  caufes  on  which  this  experiment 
depends,  are  two  ; firft,  the  condu&ing  na- 
ture of  the  vacuum;  and,  fecond,  the  charg- 
ing 
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ing  of  the  glafs : for.  when  one  fide  of  the 
glafs  phial  is  touched  with  the  prime  Con- 
ductor, the  eleCtric  fluid,  communicated  to 
the  outfide  furface  of  one  fide  of  the  phial, 
eaufeth  the  natural  fluid  belonging  to  the 
ilifide  furface  to  depart  from  its  place,  and 
go  to  the  oppofite  fide  of  the  phial ; and 
this  fluid,  palling  through  the  vacuum, 
Caufes  the  light  within  the  phial,  which 
light  is  more  or  Ids  fubdivided,  according 
as  the  vacuum  is  lefs  or  more  perfect.  Now, 
that  part  of  the  phial,  which  has  touched 
the  prime  Conductor,  is  actually  charged ; 
for  its  outfide  furface  has  acquired  an  ad- 
ditional quantity  of  eleCtric  fluid,  and  the 
infide  furface  has  loft  part  of  its  own ; but 
as  the  outfide  of  the  phial  has  no  coating, 
therefore,  when  it  is  removed  from  the 
prime  Conductor,  and  is  not  grafped 
with  the  hand,  or  other  Conductor,  the 
charged  part  of  the  glafs  can  be  difcharged 
only  gradually;  that  is,  whilft  its  outfide 
furface  is  communicating  its  fuperfluous 
fluid  to  the  contiguous  air,  the  infide  fur- 
face acquires  the  eleCtric  fluid  from  the 
other  end  of  the  phial,  and  this  fluid  palling 
through  the  vacuum,  caufes  that  flalliing, 

which 
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* 

which  is  obferved  for  fo  confiderable  a 
time.  If  the  phial  be  grafped  with  the 
hand,  its  difcharge  is  accelerated,  hence  the 
flafhes  within  the  phial  appear  more  denfe 
and  copious;  yet  it  cannot  be  difcnarged  all 
at  once  by  this  operation,  becaufe  the  hand 
cannot  touch  every  part  of  the  glafs  at 
once. 


Experiment  VIII.  ' 

' ‘The  vifible  electric  Atmofpbere * 

GI  fig.  2.  Plate  II.  reprefents  the  re- 
ceiver with  the  plate  of  an  air-pump.  In 
the  middle  of  the  plate  IF,  a fhort  rod  is 
fixed,  having  at  its  top  a metal  ball  B nice- 
ly polifhed,  whofe  diameter  is  nearly  two 
inches.  From  the  top  of  the  receiver  ano« 
ther  rod  A D with  a like  ball  A proceeds* 
and  is  cemented  air-tight  in  the  neck  C ; 
the  diftance  of  the  balls  from  one  another 
being  about  four  inches*  or  rather  morei 
If,  when  the  receiver  is  exhaufted  of  air* 
the  ball  A be  electrified  pofitively,  bv 
touching  the  top  D of  the  rod  AD  with 
the  prime  Conductor  or  an  excited  glafs 

R tube* 
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tube,  a lucid  atmofphcre  appears  about  it, 
which,  although  it  confifts  of  a feeble  light, 
is  yet  very  confpicuous,  and  very  well  de- 
fined ; at  the  fame  time  the  ball  B has  not 
the  lead:  light.  The  atmofphbre  does  not 
exift  all  round  the  ball  A,  but  reaches  from 
about  the  middle  of  it,  to  a fmall  diftance 
beyond  that  fide  of  its  furface,  which  is 
towards  the  oppofite  bail  B.  If  the  rod 
with  the  ball  A be  electrified  negatively, 
then  a lucid  atmofphere,  like  the  above- 
defcribed,  wrill  appear  upon  the  ball  B, 
reaching  from  its  middle  to  a fmall  diftance 
beyond  that  fide  of  it,  that  is  towards  the 
ball  A;  at  the  fame  time  the  negatively  elec- 
trified ball  A remains  without  any  light. 

The  Operator,  in  this  experiment,  muft 
be  careful  not  to  eleCtrify  the  ball  A too 
much,  for  then  the  eleCtric  fluid  will  pals  in 
a fpark  from  one  ball  to  the  other,  and  the 
experiment  will  not  have  the  defired  effeCt. 
A little  praftice,  however,  will  render  the 
operation  very  ealy  and  familiar. 

By  this  elegant  experiment,  which  is  of 
the  celebrated  F.  Beccaria,  we  have  an 

ocular 
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ocular  demonflration  of  the  theory  of  a 
fingle  eleCtric  fluid j we  fee  that  EleCtricity 
confifts  of  one  uniform  homogeneous  fluid, 
and  not  ot  two,  viz*  the  vitreous  and  reii~ 
nous,  as  iome  have  fuppofed ; tor  if  the 
pofitive  and  negative  EleCtricity  were  two 
diftinCt  fluids,  attractive  of  one  another, 
there  fhould,  in  the  above  experiment,  al- 
ways appear  two  atmofpheres,  /.  e.  one 
about  the  ball  A,  and  another  about  the 
ball  B ; for  when  the  ball  A is  overcharged 
with  either  fluid,  it  fhould  fliew  that  fuper- 
fluous  fluid  on  its  furface,  and  this  fluid 
fhould  attract  towards  the  ball  A,  an  at- 
mosphere of  the  contrary  fluid  from  the 
ball  B.  But  this,  as  we  obferved  before, 
is  not  the  cafe  ; for  the  appearance  of  the 
luc  . atmofphere  is  always  on  one  ball, 
namely,  that  which  is  overcharged  with 
the  eleCtric  fluid  ; thus,  when  the  ball  A is 
electrified  pofltively,  the  fuperfluous  fluid 
is  viiible  on  that  part  of  it  which  is  neareft 
to  the  ball  B,  becaufe  B,  being  in  a contrary 
Hate  of  EleCtricity,  endeavours  to  attraCt  it; 
but,  when  the  ball  A is  electrified  negatively, 
it  will  attrad;  the  fluid  proper  to  the  ball  B, 

which  fluid  on  that  account  appears  upon 

• 
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the  furface  of  B,  juft  in  the  a<ft  of  leaping  to 
the  ball  A. 

In  order  to  remove  an  error,  that  has 
been  adopted  by  feveral  writers  on  Elec- 
tricity, it  will  not  be  amifs  in  this  chapter 
to  mention,  that  the  eledtric  light  has  all 
the  prifmatic  colours,  as  well  as  the  light 
of  the  fun.  This  may  be  eafily  obferved 
by  viewing  an  eledtric  fpark  through  a 
glafs  prifiji  *. 

* See  Dr.  Priestley’s  Hiftory  of  Electricity,  part 
VIII.  fee.  XIII.  n.  XII. 
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CHAP.  VII. 

* 

Experiments  with  the  Leyden  Pbiah 
Experiment  I. 


Of  charging,  and  dif charging  a Phial  in 

general ’. 


TAKE  a coated  jar,  as  D E,  fig.  1 1, 
Plate  I,  and  place  it  upon  the  table 
near  the  prime  Conductor,  fo  that  the  knob 
of  its  wire,  and  that  only,  may  be  in  con- 
tad:  with  it : fix  the  quadrant  eledrometer 
E,  fig.  2,  upon  the  prime  Condudor,  and 
then  turn  the  winch  of  the  machine.  You 
will  obferve,  that  as  the  jar  is  charging,  the 
index  of  the  eledrometer  will  rife  gradual- 
ly as  far  as  90°,  or  thereabouts,  and  then 
reft : when  this  happens,  you  may  con- 
clude, that  the  jar  has  received  its  full 
charge.  If  now  you  take  a difcharging 
rod,  and,  holding  it  by  the  glafs  handle, 
apply  firft  one  of  its  knobs  to  the  outfide 
coating  of  the  jar,  and  then  bring  the  other 
knob  near  the  knob  of  the  wire  of  the  jar, 
* R 3 or 
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or  near  the  prime  Conductor,  that  com- 
municates with  it,  you  will  hear  a report, 
and  fee  very  vivid  fparks  between  the  dis- 
charging rod  and  the  conducting  fubftances, 
communicating  with  the  tides  of  the  jar. 
This  operation  difcharges  the  jar.  If,  in- 
ftead  of  uiing  the  difcharging  rod,  you  touch 
the  out  fide  of  the  jar  with  one  hand,  and 
bring  the  other  hand  near  the  wire  of  the 
jar,  the  fame  fpark  and  report  will  follow, 
but  now  you  will  feel  a fhock,  which  affedts 
your  wrifts,  elbows,  and,  if  ftrong,  your 
bread:  alfo  *.  If  a number  of  perfons  join 
hands,  and  the  firft  of  them  touches  the  out- 
fide  of  the  jar,  and  the  laft  touches  the  wire 
communicating  with  the  infide,  they  will 
all  feel  the  (hock,  and  precifely  at  the  fame 
perceivable  time.  This  fhock  bearing  no 
refemblance  to  any  fenfation  otherwife  felt, 
cannot  confequently  be  deicribed ; and  in 
order  that  a perfon  may  form  a juft  idea  of 
it,  he  muft  abfolutely  feel  it. 

* 

If  many  perfons  lay  hold  of  a metal  plate 
that  communicates  with  the  outfide  of  a 

* A fhock  may  be  given  to  any  Tingle  part  of  the 
body,  if  that  part  only  be  brought  into  the  ci 
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charged  jar,  and  all  together  do  alfo  hold  a 
metal  rod  with  which  the  difcharge  is  made, 
they  will  all  feel  the  (hock ; which  flhews 
that  the  difcharge  has  been  made  through 
feveral  circuits  at  once. 

The  reafon  of  the  charging  of  the  phial 
or  jar  in  this  experiment  is,  that  when  a 
fuperfluous  quantity  of  eleddric  fluid  is 
forced  upon  the  infide  furface  of  the  glafs, 
it  caufeth  an  equal  quantity  of  fluid,  natu- 
rally inherent  in  the  glafs,  to  depart  from 
the  oppofite  furface,  in  confequence  of  the 
repulfion  natural  to  the  particles  of  the 
eledxic  fluid,  which  repulfion  is  exerted 
even  through  the  glafs ; one  fide  therefore 
of  the  glafs  remains  overcharged,  and  the 
other  undercharged ; as  foon,  therefore,  as 
the  communication  between  the  two  fides 
of  the  jar  is  com  pleated,  the  fuperfluous 
fluid  on  one  fide  of  the  glafs  flies  violently 
to  the  other  fide,  and  the  rapidity  of  its  mo- 
tion occafions  the  lpark,  the  report,  &c. 

t • . • 1 

If  the  coated  jar  be  held  by  the  wire 
communicating  with  its  infide,  and  the 
outfide  coating  be  prefented  to  the  prime 

R 4 Conductor, 
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Conductor,  it  will  be  charged  as  readily  as 
in  the  other  method,  but  with  this  differ- 
ence, that  in  this  cafe  the  outfide  will  be 
pofitive  and  the  infide  negative. 

? .4 

We  have  fuppofed  above,  that  the  prime 
Conductor  was  electrified  pofitively  ; but  if 
the  experiment  be  repeated  when  the  Con- 
ductor, by  being  connected  with  the  rub- 
ber of  the  machine,  is  electrified  negative- 
ly, the  jar  will  in  the  fame  manner  be 
charged ; except  that  in  this  cafe  the  fide 
that  touches  the  prime  Conductor  will 
be  electrified  negatively,  and  the  oppofite 
fide  pofitively. 

t 

Experiment  IT, 

0 . . 

To  Jhew  that  an  infnlated  jar  cannot  be 

Set  a coated  jar  upon  an  electric  ftool ; 

connect  its  wire,  or  its  outfide  coating  with 

/ / 

the  prime  Conductor,  and  turn  the  winch 
of  the  machine.  You  will  then  obferve, 
that  the  index  of  the  quadrant  eledtrome- 
fer,  placed  upon  the  prime  Conductor,  foon 

riles 
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fifes  to  90%  feemingly  Viewing  that  the 
jar  is  charged.  Then  remove  the  eledtric 
ftool  with  the  jar  from  the  prime  Conduc- 
tor, and  either  with  a difcharging  rod,  or 
with  your  hands,  endeavour  to  difcharge  the 
jar,  and  you  will  find,  that  it  is  not  charged; 

for  no  remarkable  fpark,  no  fhock,  nor  any 

• ‘ * 

other  phenomenon  of  charged  glafs  will 
appear. 

The  reafon  why  in  this  experiment  the 
i'nfide  of  the  jar  could  acquire  no  additional 
eledlric  fluid,  and  therefore  the  jar  could 
acquire  no  charge,  is  becaufe  the  outfide 
could  not  at  the  fame  time  part  with  its 
own  fluid,  its  communication  with  the 
earth  being  cut  off  by  the  eleftric  ftool. 
But  repeat  this  experiment  with  only  this 
variation,  that,  by  means  of  a chain  or 
otherwife,  the  outfide  of  the  jar  be  made  to 
communicate  with  the  table,  and  you  will 
then  find,  that  the  jar  will  be  charged  ; for 
in  this  cafe  the  fluid,  naturally  inherent  in 
the  outer  furface  of  the  jar,  can  readily  be 
repelled  through  the  chain,  &c.  into  the 
table. 


Stri&ly 
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Stridly  fpeaking,  the  jar  in  this  experi- 
ment will  acquire  a very  flight  charge, 
becaufe  fome  of  the  eledric  fluid  belong- 
ing to  its  outfide  will  be  imparted  to  the 
air,  &c. 

If  a jar  be  infulated,  and  one  fide  of  it, 
inftead  of  being  conneded  with  the  earth, 
be  conneded  with  the  infulated  rubber, 
whilft  the  other  fide  communicates  with 
the  prime  Condudor,  the  jar  will  be  alfo 
charged,  and  perhaps  in  a more  expeditious 
manner ; for  whilft  the  rubber  exhaufts  one 
fide,  the  other  fide  is  fupplied  by  the  prime 
Condudor.  In  this  manner  it  is  fhown, 
that  the  jar  is  charged  with  its  own  fluid, 
i.  e . the  natural  eledric  fluid  of  one  of  its 

. • u 1 

fides  is,  by  the  adion  of  the  machine, 
thrown  on  the  other  fide. 


Experiment  III. 

'The  preceding  Experiment  diverjified. 

• * ' 1 

To  make  the  above  experiment  in  a 
clearer,  and  more  fatisfadory  manner, 
place  the  jar  upon  the  ftool  as  before,  and 
2 with 
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with  its  wire  not  in  contadt,  but  at  about 
half  an  inch  diftance  from  the  prime  Con- 
dudtor  ; hold  the  knob  of  another  wire  at 
fuch  a diftance  from  the  outlide  coating  of 
the  jar,  as  the  knob  of  the  jar  is  from  the 
prime  Conductor,  then  let  the  winch  of 
the  machine  be  turned,  and  you  will  ob- 
ferve,  that  whenever  a fpark  comes  from 
the  prime  Condudtor  to  the  wire  of  the 
jar,  another  fpark  paffes  from  the  outftde 
coating  of  the  jar  to  the  knob  of  the  wire 
prefentcd  towards  it ; which  {hews,  that  as 
a quantity  of  eledlric  fluid  is  entering  the 
iiifide  of  the  jar,  an  equal  quantity  of  it  is 
leaving  the  outfide.  In  this  manner  the 
jar  becomes  charged. 

f ' / 

If  inftead  of  the  knobbed  wire,  a pointed 
one  be  prefented  to  the  outfide  of  the  jar, 
it  will  appear  illuminated  with  a ftar ; and 
if  inftead  of  preferring  any  wire  to  the  jar, 
a pointed  wire  be  connedlcd  with  its  coat- 
ing, it  will  appear  illuminated  with  a brufh 
of  rays  fu  e.  by  throwing  the  eledtric  fluid 
into  the  air),  which  will  laft  as  long  as  the 
jar  is  charging. 


If 
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If  the  knob  of  another  jar  be  prefented 
to  the  outfide  coating  of  the  infulated  jar 
ih  the  above  experiment,  it  will  alfo  be 
charged ; for  the  fluid,  going  out  of  the  out- 
fide coating  of  the  fir Pl  jar,  i.  e.  that  Hand- 
ing upon  the  ftool,  will  go  in  the  infide  of 
the  other  jar,  and  cauie  the  fluid,,  inherent 
to  the  outfide  of  that  jar,  to  depart  from 
its  place 

f 

Experiment  IV. 

• f V 

To  Jhew  that  the  Charge  of  a far,  or  Glafs 
in  genera! \ does  not  refde  in  the  Coating . 

Take  a naked  phial, 'and  for  a coating  on, 
the  outfide  Hick  a piece  of  tin-foil,  with  a 
little  tallow  or  bees-wax,  fo  that  it  can 
fufi  adhere  to  the  glafs  5 and  for  an  infide 

' */  One  will  eafily  imagine  from  this  experiment,  how 
feveral  phials  may  be  connected  together,  fo  that  they  may 
he  charged  all  at  once,  with  nearly  the  fame  trouble  as 
one  is  charged.  It  muft,  however,  be  obferved,  that 
when  feveral  jars  are  fo  connected,  that  the  infide  of  one 
communicates  with  the  outfide  of  another,  & c.  they  can- 
not be  charged  fo  high,  nor  fo  eafily,  as  otherwife ; the 
difficulty  increafing  nearly  in  proportion  to  the  number 
of  jars. 


coating 
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coating  ufe  fmall  leaden  (hot,  or  quick- 
(ilver ; laftly,  infert  through  its  neck  a 
knobbed  wire  communicating  with  the  (hot 
or  quickfilver. — This  done,  hold  the  phial 
thus  coated  by  its  outlide  coating,  and 
charge  it,  by  prefenting  its  knobbed  wire 
to  the  prime  Conductor.  When  it  is  charg- 
ed, turn  it  upfide  down,  and  let  its  wire 
and  quickfilver,  or  (hot,  fall  in  a glafs  re- 
ceiver ; then  remove  its  outlide  coating  alio. 
In  this  operation  the  phial  does  not  lofe  its 
charge,  and  if  you  examine  the  quickfilver 
or  (hot,  you  will  find  that  it  contains  no 
more  Eledlricity  than  any  other  like  con- 
ducing infulated  body,  which  has  been  in 
contact  with  the  prime  Conductor,  would 
contain.  Replace  the  outlide  coating  again 
upon  the  phial,  pour  the  (hot  or  quick- 
filver again  into  it,  or  any  other  conducing 
fubftance,  then  touch  with  one,  hand  the 
outlide  coating,  and  with  the  other,  by 
introducing  a linger  or  a wire,  touch  the 
inlide  non-eleCric,  and  you  will  feel  a 
(hock ; which  will  convince  you,  that  the 
glafs  has  loft  very  little  of  its  charge  by  the 
operation  above-mentioned. 

The 
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The  fame  experiment  may  be  more  con- 
veniently made  by  laying  a pane  of  glafs 
upon  a metal  plate,  and  covering  an  equal 
part  of  the  upper  furface  witli  tin -foil, 
having  a filk  thread  fattened  to  one  of  its 
fides,  by  which  it  may  be  ealily  taken  off, 
when  the  glafs  is  charged,  and  as  ealily  re- 
placed, when  required, 

/ 

Experiment  V. 

To  prove  that  the  electric  Fluid  does  not  expel 
the  Air  contained  in  a Phial . 

Through  a hole  made  in  the  cork  that 
flops  a coated  phial,  introduce  a fmall  glafs 
tube  open  at  both  ends,  and  of  about  one 
thirtieth  part  of  an  inch  in  diameter;  bend 
that  part  of  the  tube,  that  is  out  of  the 
phial,  in  an  horizontal  fituation,  and  with 
bees- wax  fatten  the  cork  fo,  that  no  air  can 
get  in  or  out  of  the  phial,  except  it  paffes 
through  the  glafs  tube ; laftly,  put  a fmall 
drop  of  red  wine,  or  ink,  in  the  horizontal 
part  of  the  tube,  fo  that  it  may  be  eafily 
moved  through  it,  by  the  leaft  rarefadlion 
or  condenfation  of  the  air  within  the  phial. 

. ’ t ' ' If 
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If  this  phial  thus  furnifhed  be  charged, 
by  connecting  the  prime  Conductor  with 
its  wire,  the  drop  of  liquor  in  the  glafs 
tube  will  not  be  ftirred  from  its  fituation ; 
which  thews  that  the  eleCtric  fluid,  im- 
mitted  into  the  phial,  does  not  exclude  any 
of  the  air  that  the  phial  contains.  If  the 
phial  be  difeharged,  the  drop  of  liquor  in 
the  tube  will  be  often  pufhed  a little  out  of 
its  place,  and  afterwards  return  to  its  for- 
mer fituation  ; which  fhews,  that  on  mak- 
ing the  difeharge,  the  air  within  the  phial 
was  a little  difplaced,  or  rarefied.  This, 
however,  is  to  be  imputed  to  fome  fpark, 
that  generally  happens  within  the  cavity  of 
the  phial,  on  account  that  the  wire  is  not 
in  perfect  contaCl  with  the  infide  coat- 
ing *. 

* Having  repeated  this  experiment  with  a fmall  phial, 
whofe  charging -piece  (as  we  may  call  it)  was  a produc- 
tion of  the  infide  coating,  (which  was  of  one  piece  of 
tin-foiL  Ruck  to  the  glafs  with  bees-wax,  in  confequence 
of  which  no  fpark  could  happen  within  the  phial)  I 
found  that  the  drop  of  liquor  in  the  glafs  tube  was  not 
fiirred,  either  in  charging  or  difeharging  the  phial. 


'-t f- 
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Experiment  VI. 

Fhe  Courfe  of  the  eledlric  Fluid  in  the  Dif- 
charge  rendered  'vijible  by  the  Star  andr 
Pencil . 

• , ’ * - / t 

When  a jar  is  charged,  take  a difcharg- 
ing  rod  having  its  ends  pointed,  /.  e.  the 
dilcharging  rod  reprefented  in  fig.  io. 
Plate  I.  without  its  knobs,  and  keep  it  as 
reprefented,  fig.  1 1 . that  is,  in  fuch  a litu- 
ation,  that  one  of  its  points  C may  be  at 
about  an  inch  diftance  from  the  knob  A, 
and  the  other  point  B at  an  equal  diftance 
from  the  outfide  coating  of  the  jar ; by 
thefe  means  the  jar  will  be  difcharged 
filently ; and  if  its  infide  be  electrified  po- 
litively,  you  will  fee,  that  the  point  C of 
the  difcharging  rod  is  illuminated  with  a 
ftar,  and  the  point  B with  a pencil ; be- 
caule,  in  this  cafe,  the  eleCtric  fluid,  going 
from  the  infide  to  the  outfide  of  the  jar, 
enters  the  point  C,  and  iflues  from  the 
point  B.  But  when  the  jar  is  electrified  ne- 
gatively on  the  infide,  and  confequently  pofi- 
, 5 tivc 
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tive  on  the  outfide,  then  the  pencil  of  rays 
will  appear  upon  the  point  C,  and  the  ftar 
upon  the  point  B ; for  in  this  cafe  the  elec- 
tric fluid  pafles  from  the  outflde  to  the  in- 
flde  of  thfe  jar. 

»»  ~ 

N.  B.  This  experiment,  as  well  as  any 
other,  in  which  the  eledlric  light  is  to  be 
obferved,  requires  to  be  made  in  the  dark. 

s \ 

Experiment  VII. 

"The  Courfe  of  the  electric  Fluid  in  the  Dif 
charge  Jhewn  by  the  Flame  of  a Wax- 
taper. 

Remove  the  circular  piece  of  wood  E 
from  the  univerfal  difcharger,  reprefented 
fig.  5.  Plate  I.  Fix  the  wires  DB,  DC, 
fo  that  their  knobs  DD  may  be  about  two 
inches  diftant  from  one  another  ; and  upon 
the  focket  F fix  a piece  of  wax-taper  light- 
ed, fo  that  its  flame  may  be  juft  in  the 
middle  between  the  knobs  DD.  Having 
difpofed  the  apparatus  in  this  manner,  if 
you  conned:,  by  means  of  a chain  or  other- 
wife,  the  outfide  of  a charged  jar  with  one 

S ' of 
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~ J 

of  the  wires  C,  and  bring  the  knob  of  the 
jar  to  the  other  wire  C,  yon  will  obferve, 
that  on  making  the  difcharge,  which  muft 
pafs  between  the  knobs  DD,  the  fame  01 
the  wax- taper  is  always  driven  in  the  di- 
rection of  the  electric  fluid  that  is,  it  will 
be  blown  upon  the  knob  of  that  wire, 
which  communicates  with  that  fide  of  the 
jar  which  is  negatively  electrified. 


In  this  experiment,  the  jar  mud  have  an 
exceeding  fmall  charge,  juft  fuffieient  to  pais 
through  the  interval  in  the  circuit ; which 
experience  will  prefently  determine  ; othei- 
wile  the  experiment  will  not  lucceed,  or  be 
perhaps  rendered  equivocal*. 


* If  it  be  aiked,  Why  this  experiment  does  not  fue- 
led with  a great  explofion  as  well  as  with  a very  fmah 
one  ? the  anfwer  is,  that  when  a jar  highly  charged,  is 
brought  near  one  of  the  wires  of  the  »mverfal  d»f- 
charger,  it  creates  an  atmofphere  about  the  knob  of  the 
faid  wire,  which  atmofphere  difturbs  the  flame  of  the 
wax-taper,  before  the  aftual  difcharge:  bcfides  the 

eleftric  fluid  in  a great  explofion,  by  its  elafhe  na  ure, 
caffes  through  the  flame  of  the  wax-taper  too  \u  t > 
to  communicate  to  it  any  vifible  motion;  m the  fame 
manner  as  a bullet,  difcharged  from  a piftol  againft  an. 
open  door,  makes  a hols  through  the  door  without 


{hutting  it. 
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, ? f *■*" 

Experiment  VIII. 

gf  the  ele&ric  Fluid  in  the  Dif- 
charge,  rendered  confpicuous  by  the  Motion 
communicated  to  ci  Pith  hah» 

Bend  a card*  length- ways,  over  a round 
ruler,  fo  as  to  form  a channel,  or  femicir- 
cular  groove* ; lay  this  card  upon  the  circu- 
lar board  E of  the  univerfal  difcharger,  re~ 
prefented  fig.  5.  of  Plate  I.  and  in  the 
middle  of  it  put  a pith-ball  of  about  half 
an  inch  diameter ; then  at  equal  diftances, 
about  half  or  three  quarters  of  an  inch  from 
the  pith-ball,  lay  the  two  brafs  knobs  DD. 
The  card  being  perfectly  dry,  and  rather 
hot,  if  you  conned:,  by  means  of  a chain  or 
otherwife,  the  outlide  of  a charged  jar  with 
one  of  the  wires  C,  and  bring  the  knob  of 

* v * * 

* Inftead  of  the  card,  a piece  of  baked  wood  may  be 
cut  in  that  fhape,  and  painted  over  with  lamp-black 
and  oil ; which  will  anfwer  better  than  the  card,  it 
being  much  more  Ready,  and  not  fo  liable  to  attradl 
jnoifture, 

the 
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She  jar  to  the  other  wire  C,  you  will  ob~ 
ferve,  that  on  making  the  difcharge,  which 
muft  pafs  between  the  knobs  D D,  and 
over  the  card,  &c.  the  pith -ball  is  always 
driven  in  the  direction  of  the  eledlric  fluid  j 
ii  e.  it  is  pufhed  towards  that  knob  which 

communicates  with  the  negative  fide  of  the 

* ' , * 

jar. 

» , 

It  muft  be  obferved,  that  in  this  experi- 
ment the  charge  of  the  jar  muft  be  juft  fuf- 
ficient  to  pafs  through  the  interval  in  the 
circuit;  the  card,  or  piece  of  baked  wood, 
muft  be  very  dry  and  clean ; and,  in  fhort, 
the  difpofition  of  the  apparatus,  and  the 
performance  of  this  curious  experiment, 
require  a degree  of  nicety  that  can  only  be 
obtained  by  practice.  Without  great  pre- 
caution, it  fometimes  fails ; but  when  the 
operator  has  once  got  it  to  fucceed,  and  fol- 
lows exadlly  the  fame  method  of  operating, 
he  may  be  fure  that  the  event  of  the  experi- 
ment will  be  conftantly  as  above  defcribed. 


Expe- 
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Experiment  IX. 

The  Leyden  Vacuum . 

Fig.  8 and  9.  of  Plate  I.  reprefent  a final! 
phial  coated  on  the  outfide  about  three 
inches  up  the  Tides  with  tin-foil ; at  the 
top  of  the  neck  of  this  phial,  a brafs  cap  is 
cemented,  having  a hole  with  a valve,  and 
from  the  cap  a wire  proceeds  a few  inches 
within  the  phial,  terminating  in  a blunt 
point.  When  this  phial  is  exhaufted  of  air, 
a brafs  ball  is  fcrewed  upon  the  brafs  cap, 
fo  as  to  defend  the  valve,  and  prevent  any  air 
from  getting  into  the  exhaufted  glafs*.  This 
phial  exhibits  clearly  the  dftedtion  of  the 
eleCtric  fluid,  both  in  charging  and  difeharg- 
ing ; for  if  it  be  held  by  its  bottom,  and  its 
brafs  knob  be  prefented  to  the  prime  Conduc- 
tor pofitively  electrified,  you  will  fee  that  the 

* The  infide  of  this  phial  requires  no  coating,  be® 
caufe,  as  the  eleftric  fluid  pervades  vacuum,  it  can  pafs 
freely  from  the  wire  to  the  furface  of  the  exhaufte4 
glafs^  without  the  help  of  a non-eledtric  coating. 

1 S 3 de  dirig 
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eledtric  fluid  caufeth  the  pencil  of  rays  to 
proceed  from  the  wire  within  the  phial,  as 
reprefented  fig.  9.  and  when  it  is  difcharged, 
a ftar  will  appear  in  the  place  of  the  pencil, 
as  reprefented  in  fig.  8.  But  if  the  phiai 
be  held  by  the  brafs  cap,  and  its  bottom  be 
touched  with  the  prime  Conductor,  then 
the  point  of  the  wire,  on  its  in  fide  will  ap- 
pear illuminated  with  a ftar  when  charging, 
and  with  a pencil  when  difcharging.  If  it 
be  presented  to  a prime  Conductor  electri- 
fied negatively,  all  thefe  appearances,  both 
in  charging  and  difcharging,  will  be  re- 
verfed. 

This  experiment  of  the  Leyden  Vacuum, 
together  with  the  two  preceding  ones, 
namely  the  feventh  and  eighth  of  this 
chapter,  are  inventions  of  the  late  Mr* 
Henly. 

• . ~ • • 

1 • s 

...  1 . ■■ 
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Experiment  X. 

To  pierce  a Card,  and  other  Subjlances , with 
the  electric  Tdxjdojion. 

Take  a card,  a quire  of  paper,  or  the 
cover  of  a book,  and  keep  it  clofe  to  the 
outfide  coating  of  a charged  jar ; put  one 
knob  of  the  difcharging  rod  upon  the  card, 
quire  of  paper,  &c.  fo  that  between  the 
knob  and  coating  of  the  jar,  the  thicknefs 
of  that  card,  or  quire  of  paper,  only  is  in- 
terpofed ; laftly,  by  bringing  the  other 
knob  of  the  difcharging  rod  near  the  knob 
of  the  jar,  make  the  difcharge;  and  the 
gledtric  matter  rufhing  through  the  circuit, 
from  the  pofitive  to  the  negative  furface  of 
the  jar,  will  pierce  a hole  (or  perhaps  feve- 
ral)  quite  through  the  card,  or  quire  of 
paper  This  hole  has  a bur  raifed  on 

* The  hole  or  holes,  are  larger  or  fmaller,  according 
as  the  card,  &c.  is  more  damp  or  more  dry.  It  is  re- 
markable, that  if  the  noftrils  are  prefented  to  it,  they 
will  be  affedted  with  a fulphureous,  or  rather  a phof- 
phoreal  fmell,  juft  like  that  produced  by  an  excited 
.Electric, 

; V 

S 4 , each 
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each  fide,  except  the  card,  &c.  be  prefled 
hard  between  the  difcharging  rod  and  the 
jar  j which  fhews  that  the  hole  is  not  made 
in  the  direction  of  the  paffage  of  the  fluid, 
but  in  every  direction  from  the  center  of  the 
refitting  body. 

If  this  experiment  be  made  with  two 
cards  inftead  of  one,  which  however  mail: 
be  kept  very  little  diftant  from  one  ano- 

, \ a t ' 

ther*,  each  of  the  cards,  after  the  explo- 
fion,  will  be  found  pierced  with  one  or 
more  holes,  and  each  hole  will  have  burs 
on  both  furfaces  of  each  card. 

If,  inftead  of  paper,  a very  thin  plate  of 
glafs,  rofm,  fealing-  wax,  or  the  like,  be  in- 
terpofed  between  the  knob  of  the  difcharg- 
ing rod,  and  the  outfide  coating  of  the  jar, 
on  making  the  difcharge,  this  will  be  broken 

in  feveral  pieces. 

* ^ 

% fm  * 

Small  in  feds  may  alfo  be  killed  in  this 

manneri  they  may  be  held  between  the 

; v / . v 

* This  may  be  eafily  effected  by  bending  one  of  the 
cards  a little. 

outfide 

t \ t 
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outlide  coating  of  the  jar,  and  the  knob  of 
the  difcharging  rod,  like  the  above-men- 
tioned card;  and  a fhock  of  a common  phial 
lent  through  them,  will  inftantly  deprive 
them  of  life,  if  tfiey  are  pretty  fmall  ; but 
if  larger,  they  will  be  affected  in  fuch  a 
manner,  as  to  appear  quite  dead  on  firft.  re- 
ceiving the  ffroke,  but  will,  after  feme 
time,  recover : this,  however,  depends  on 
the  quantity  of  the  charge  feat  through 
them. 

If  a fhcck  is  fept  through  a lump  of 
white  fugar,  ftrong  enough  to  break  the 
fugar,  the  (hock  will  illuminate  every  piece 
of  it,  fo  as  to  afford  a beautiful  experiment 
in  the  dark.- — The  fugar  will  giye  light  for 
about  a minute  afterwards. 

t ' 

Experiment  XI. 

* 

% / 

fo  few  the  Effect  of  the  Shock  fent  over  the 

Surface  of  a Card  or  other  Sulftances • 

Put  the  extremities  of  two  wires  upon 
the  furface  of  a card,  or  other  body  of  an 
eleftric  nature,  fo  that  they  may  be  in 

• . * ' V 

one 
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one  direction,  and  about  one  inch  diftance 
from  one  another  ; then,  by  connedting  one 
of  the  wires  with  the  outfide  of  a charged 
jar,  and  the  other  wire  with  the  knob  of  the 
jar,  the  fhock  will  be  made  to  pafs  over  the 
card  or  other  body. 


If  the  card  be  made  very  dry,  the  lucid 
track  between  the  wires  will  be  vifible  upon 
; the  card  for  a confiderable  time  after  the 
explofion.  If  a piece  of  common  writing- 
paper  be  ufed  inftead  of  the  card,  it  will 
be  torn  by  the  explofion  into  very  fmall, 
bits. 


If,  inftead  of  the  card,  the  explofion  is 
fent  over  the  furface  of  a piece  of  glafs, 
this  will  be  marked  with  an  indelible  track* 
Vvhich  generally  reaches  from  the  extre- 
mity of  one  of  the  wires  to  the  extremity 
of  the  other.  In  this  manner  the  piece  of 
glafs  is  vciy  feldom  broken  by  the  explo- 
fion. But  Mr.  Henly  has  difeovered  a 
very  remarkable  method  of  increafing  the 
effect  of  the  explofion  upon  the  glafs ; 
which  is  by  prcfiing  with  weights  that  part 
of  the  glafs,  which  lies  between  the  two 

wires* 
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wires,  (/.  e.  that  part,  over  which  the  fhock 
is  to  pafs).  He  puts  firfl  a thick  piece  of 
ivory  upon  the  glafs,  and  places  upon  that 
ivory  a weight  at  pleafure,  from  one  quarter 
of  an  ounce  to  fix  pounds  : The  glafs  in 
this  manner  is  generally  broken  by  the  ex- 
plofion  into  innumerable  fragments,  and 
fome  of  it  is  abfolutely  reduced  into  an  im- 
palpable powder.  If  the  glafs  is  very  thick, 
and  refills  the  force  of  the  explofion,  fo  as 
not  to  be  broken  by  it,  it  will  be  found 
marked  with  the  1110ft  lively  prifmatic  co- 
lours, which  are  occafioned  by  very  thin  la- 
minae of  the  glafs,  in  part  feparated  from  it 
by  the  fhock.  The  weight  laid  upon  the 
glafs  is  always  fhook  by  the  explofion,  and 
fometimes  it  is  thrown  quite  off  from  the 
ivory  This  experiment  may  be  molt 
conveniently  made  with  the  univerlal  dis- 
charger. Fig.  5.  of  Plate  I. 


* If  fmall  reprefentations  of  houfes,  £cc.  be  laid  upon 
a board,  placed  on  the  piece  of  ivory;  that,  being  fhook 
by  the  explofion,  will  give  a very  natural  idea  of  an 
earthquake. 


£xps« 


268  J Complete  Treatise 

' * 

Experiment  XII. 

• ‘ ^ I 

To  few  the  Dir  eel  ion  of  the  electric  Fluid  in 
the  D if  charge,  by  caufing  the  Shock  to  go 
O ctr  the  Surface  of  a Card . 

DTpofe  the  apparatus  in  the  manner 
defeated  in  the  preceding  experiment,  but 
with  this  difference,  that  inftead  of  laying 
the  extremities  of  both  wires  upon  the 
fame  hde  of  the  card,  one  of  them  be  placed 
under  the  card  ; then  fend  a fhock  through 
the  faid  wires,  as  in  the  preceding  experi- 
ment, and  you  will  obferve,  that  the  eledtric 
fluid  will  run  over  that  furface  of  the  card, 
upon  which  lies  the  extremity  of  that  wire, 
which  is  connected  with  the  pofitive  fide  of 
the  jar;  and  in  order  to  pafs  to  the  extre- 
mity of  the  other  wire,  it  will  break  a hole 
through  the  card  juft  over  the  extremity  of 
that  wire,  which  is  connedted  with  the  ne- 
gative fide  of  the  jar. 

This  excellent  experiment,  which  fhows 
the  diredtion  of  the  cledtric  fluid  in  the  dif- 
charge  of  a jar,  is  a difeovery  of  Mr.  Lul- 
UN,  of  Geneva. 

N.  B, 

, * - — > • 
N 
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N.  B.  With  very  large  jars,  this  experi- 
ment has  been  obferved  to  pierce  feveral 
holes,  and  in  fuch  a manner  as  to  render  the 
refult  not  fatisfa&ory. 

Experiment  XIII. 

To  f well  the  Clay , and  break  fmall  Tubes  with 
the  eleffiric  Explofion. 

Roll  up  a piece  of  foft  tobacco-pipe  clay 
in  a fmall  cylinder  CD,  fig.  4.  Plate  II. 
and  infert  in  it  two  wires  A,  B,  fo  that  their 
ends  within  the  clay  may  be  about  a fifth 
part  of  an  inch  from  one  another.  If  a 
fhock  be  fent  through  this  clay,  by  con- 
necting one  of  the  wires,  A or  B,  with  the 
outfide  of  a charged  jar,  and  the  other  with 
the  infide,  it  will  be  inflated  by  the  fhock, 
i.  e . by  the  fpark,  that  happens  between  the 
two  wires,  and  after  the  explofion  will  ap- 
pear as  reprefented  fig.  5.  If  the  fhock 
fent  through  it  is  too  ftrong,  and  the  clay 
not  very  moift,  it  will  be  broken  by  the  ex- 
plofion, and  its  fragments  fcattered  in  every 
direction. 


To 
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To  make  this  experiment  with  a little 
variation,  take  a piece  of  the  tube  of  a to- 
bacco-pipe, about  one  inch  long,  and  fill 
its  bore  with  moift  clay,  then  infert  in  it 
two  wires,  as  in  the  above  rolled  clay,  and 
fend  a fhock  through  it.  This  tube  will 
not  fail  to  burft  by  the  force  of  the  explo- 
lion,  and  its  fragments  will  be  fcattered 
about  to  a great  diftance. 

If,  in  (lead  of  clay,  the  above-mentioned 
tube  of  the  tobacco-pipe,  or  a glafs  Tube, 
(which  will  anfwer  as  well)  be  filled  with 
any  other  fnbfbance,  either  eleftrie  or  non- 
electric, inferior  to  metal,  on  making  the 
difcharge,  it  will  be  broken  in  pieces  with 
nearly  the  fame  force. 

This  experiment  is  the  invention  of  Mr* 

Lane,  F.  R.  S. 

• » 

Experiment  XIV. 

To  Jho  w the  Courfe  of  the  electric  Fluid  by 
the  fpontaneous  Difcharge . 

Take  a coated  phial  of  a fmall  fize,  and 
if  the  naked  part  of  it,  /,  e . from  its  out- 

fide 
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fide  coating  to  the  cork,  is  very  i dry, 
breathe  upon  it  once  or  twice,  fo  as  to  ren- 
der it  (lightly  damp : then  holding  the 
phial  by  its  outfide  coating,  prefent  its 
knob  to  the  prime  Conductor,  while  the 
machine  is  in  addon,  and  you  will  fee,  that 
after  the  phial  has  received  a fmall  charge, 
a beautiful  brufh  of  rays  will  proceed  from 
the  cork,  which,  after  going  a little  way 
into  the  air,  turns  its  courfe  towards  the 
outiide  coating  ot  the  phial.  If  the  phial* 
ihftead  of  the  prime  Condudor,  be  pre- 
fented  to  the  infulated  rubber,  then  the 
brufh,  inftead  of  proceeding  from  the  cork, 
will  iffue  from  the  outfide  coating,  and  di- 
red  its  courfe  towards  the  cork  or  wire  of 
the  phial ; fhowing  beyond  a doubt  the 
truth  of  the  hypothecs  of  a Angle  eledric 
.fluid. 

• • 

This  experiment,  which  is  of  Mr.  Hen- 
IY,  requires  a nicety  of  operation,  with- 
out which  it  will  not  fucceed  as  above  de- 
fcribed.  The  quantity  of  moifture  upon 
the  phial  ; and  the  quantity  of  Eledricity 
communicated  by  the  machine,  mu  ft  be  of 

a degree. 
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a degree,  which  nothing  but  practice  cm 
determine. 

Experiment  XV. 

To  make  the  electric  Spark  vifible  in  Water . 

Fill  a glafs  tube,  of  about  half  an  inch 
diameter,  and  fix  inches  long,  with  water, 
and  to  each  extremity  of  the  tube  adapt 
a cork,  which  may  confine  the  water; 
through  each  cork  iftfert  a blunt  wire,  fo 
that  the  extremities  of  the  wires  within  the 
tube  may  be  very  near  one  another ; laftly, 
conned!  one  of  thefe  wires  with  the  coating 
of  a fmall  charged  phial,  and  touch  the 
other  wire  with  the  knob  of  it ; by  which 
means  the  (hock  will  pafs  through  the 
wires,  and  caufe.a  vivid  fpark  to  appear  be- 
tween their  extremities  wdthin  the  tube* 
In  performing  this  experiment  care  muffc 
be  taken,  thaf  the  charge  be' exceedingly 
weak,  otherwife  the  tube  will  burft. 

. * ••  * » 

C,  fig.  14.  Plate  II.  reprefents  a com* 
mon  drinking-glafs  almoft  full  of  water. 
AB  are  two  knobbed  wires  lb  bent,  that 

their 
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their  knobs  may  be  within  a little  diftance 
of  one  another  in  the  water.  If  one  of 
thefe  wires  be  connected  with  the  outfide 
coating  of  a pretty  large  jar,  and  the  other 
wire  be  touched  with  the  knob  of  it;  the 
explofion  which  muft  pafs  through  the 
water  from  the  knob  of  one  of  the  wires 
to  that  of  *the  other,  will  difperfe  the  water, 
and  break  the  glafs  with  a furprifing  vio- 
lence. This  experiment  is  very  dangerous 
if  not  conduced  with  great  caution* 

• • .4 

F.  Beccaria  conftrudted  a fmall  moN 
tar,  into  which  a drop  of  water  was  put, 
between  the  extremities  of  two  wires 
which  went  through  the  fides  of  the  mor- 
tar, and  a wooden  ball  was  applied  over  the 
drop  of  water ; then  & charged  jar  being 
difcharged  through  the  wires  of  the  mor- 
tar, and  confequently  through  the  drop  of 
water,  rarefied  the  latter,  and  drove  the  ball 
out  with  confiderable  force.  Mr.  Lcjl- 
lin  produced  a greater  effedt  by  making 
the  difcharge  through  oil  inftead  of  water* 
Differ  tat  to  Phyjica , p.  26* 
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Experiment  XVI. 

fo  prove  that  the  eleClric  Spark  difplaces  and 

rarefies  the  Air . 

Fig.  3.  Plate  II.  reprefents  an  inftru- 
ment,  which  the  inventor,  Mr.  Kinner- 
sley,  calls  the  electrical  Air  \ Thermometer , 
it  being  very  ufeful  to  obferve  the  effects  of 
the  eledtric  exploiion  upon  air.  The  body 
of  this  thermometer  confifts  of  a glafs 
tube  AB,  about  ten  inches  long,  and  nearly 
two  inches  diameter,  and  clofed  air-tight 
at  both  ends  by  two  brafs  caps.  Through 
a hole  in  the  upper  cap,  a fmall  tube  HA, 
open  at  both  ends,  is  introduced  in  fome 
water  at  the  bottom  B of  the  large  tube. 
Through  the  middle  of  each  of  the  brafs 
caps,  a wire  FG,  El,  is  introduced,  having 
a brafs  knob  within  the  glafs  tube,  and  by 
Hiding  through  the  caps,  they  may  be  fet 
at  any  diftance  from  one  another.  This 
inftrument  is,  by  a brafs  ring  C,  faftened 
to  the  pillar  of  the  wooden  ftand  CD,  that 
fupports  it.  When  the  air  within  the 

tube 
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tube  AB  is  rarefied,  it  will  prefs  upon  the 
water  at  the  bottom  of  the  tube,  which 
will  confequently  rife  in  the  cavity  of  the 
finall  tube ; and  as  this  water  rifes  higher  or 
lower,  fo  it  (hows  the  greater  or  lei’s  rare- 
faction of  the  air  within  the  tube  A B, 
which  has  no  communication  with  the  ex- 

*•  1 

ternal  air* 

M r 

% 

If  the  water,  when  this  inftrument  is  to 
be  ufed,  is  all  at  the  bottom  of  the  large 
tube,  (/.  e • none  of  it  is  in  the  cavity  of  the 
fmall  tube)  it  will  be  proper  to  blow  with 
die  mouth  into  the  fmall  tube,  and  thus 
caufe  the  water  to  rife  a little  in  it  ; 
where,  for  better  regulation,  a mark  may 
be  fixed* 

Bring  the  knobs  GX  of  the  wires  IE, 
FG,  into  contadt  with  one  another,  then 
connedt  the  ring  E or  F,  with  one  fide  of 
a charged  jar,  and  the  other  ring  with  the 
other  fide,  by  which  operation  a fhock  will 
be  made  to  pafs  through  the  wiies  F G, 
I E,  u e between  the  knobs  £ I.  In 
this  cafe  you  will  obferve,  that  the  water 
in  the  fmall  tube  is  not  at  all  moved  from 

T 2 V the 
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the  mark ; which  (hows,  that  the  paffage  of 
the  electric  fluid  through  Conductors  fuffi- 
ciently  large,  occaiions  no  rarefaction,  nor 
difplaces  the  air  about  them. 

Put  the  knobs  G I,  a little  diftant  from 

/ 

one  another,  and  fend  a (hock  throueh 
them  as  before,  and  you  will  fee  that  the 
fpark  between  the  two  knobs,  not  only  dif- 
places, but  rarefies  conflderably  the  air; 
for  the  water  will  be  fuddenly  pufhed  ai- 
med: to  the  top  of  the  fmail  tube,  and  im- 
mediately it  will  fubfide  a little,  as  for 
inftance  as  far  as  H ; which  is  occafioned 
by  the  fudden  difplacing  and  replacing  of 
the  air  about  the  place,  where  the  fpark 
appeared  within  the  tube  A B.  After  that 
the  water  has  fubfided  fuddenly  from  the 
firfl:  rifing,  it  will  then  gradually  and  (low- 
ly come  down  to  the  mark  at  which  it 
flood  before  the  explofion ; which  is  the 
effeCt  of  the  air  that  was  rarefied,  and 
which  gradually  returns  to  its  former  tern- 

, 4 0 

perature. 

If  this  experiment  be  made  in  a room, 
where  the  degree  cf  heat  is  variable,  then 


i 
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proper  allowance  mufl  be  made  for  this 
CTcumftance,  in  eftimating  the  event  of  the 
experiment ; for  the  eledrical  air  thermo- 
meter is  affeded  by  heat  or  cold  in  gene- 
ral, as  w ell  as  by  that  caufed  by  an  eledric 

i , 

(park. 

, •'  y 

Experiment  XVII, 

.»  . ' * - • ^ yJ 

To  jive  Gnn-powder . 

t*  \ 

Make  a fmall  cartridge  of  paper,  and  fill 
it  with  gun -powder,  or  elfe  fill  the  tube  of 
a quid  with  it;  infert  two  wires,  one  at  each 
extremity,  lb  that  their  ends  within  the 
quiil,  or  cartridge,  may  be  about  one-fifth 
of  an  inch  from  one  another ; this  done, 
fend  the  change  ot  a phial  through  the 
wires,  and  the  fpark  between  their  extremi- 
ties, that  are  within  the  cartridge  or  quill, 
will  fet  lire  to  the  gun-powder.  If  the  gun- 
powder fie  mixed  with  fteel  filings,  it  will 
take  fire  more  readily,  and  with  a very  Imall 
fhock. 


Expe- 
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Experiment  XVIII. 

To  light  a Candle  by  the  Difc  barge  of  a Jar . 

Take  a wire  of  the  fize  of  a common 
knitting-needle,  and  by  means  of  a fmall 
flexible  wire  or  a chain,  let  one  end  of  it 
communicate  with  the  outfide  of  a jar,  that 
at  leaft  contains  about  ten  inches  of  coated 
furface.  To  the  other  end  of  the  thick 
wire  fome  cotton  muft  be  twilled,  but  very 
loofely,  fo  as  to  form  a head  round,  and  to 
conceal  the  extremity  of  the  wire  entirely. 
This  head  of  cotton  muft  be  rolled  in  pow- 
der of  lycopodium,  or,  which  anfwers  bet- 
ter, in  powder  of  rolin  ; by  which  means  a 
good  deal  of  the  powder  will  flick  to  the 
cotton  :■ — this  done,  the  jar  is  charged,  and 
then  the  head  of  cotton,  &c.  is  brought  to- 
wards its  knob  rather  quickly,  fo  as  tocaufe 
the  jar  to  di icharge  through  the  cotton,  by 
which  means  the  cotton  will  be  inflantly 
fet  cn  fire,  and  will  lafl:  long  enough  to  light 
a candle  thereby. — This  is  a very  plealing 
experiment,  contrived  by  Dr,  Ingkn- 
KoUZ, 
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Experiment  XIX. 

To  Jlrike  Metals  into  Glafs. 

Take  two  flips  of  common  window-glafs 
about  three  inches  long,  and  half  an  inch 
wide ; put  a fmall  flip  of  gold,  filver,  or  brafs 
leaf,  between  them,  and  tie  them  together, 
or  elle  prefs  them  together  between  the 
boards  of  the  prefs  H,  belonging  to  the 
univerfal  difcharger,  fig.  5.  Plate  I.  leaving 
a little  of  the  metallic  leaf  out  of  the  glafles 
at  each  end ; then  fend  a fhock  through  this 
metallic  leaf,  and  the  force  of  the  explolion 
will  drive  part  of  the  metal  into  fo  clofe  a 
contact  with  the  glafs,  that  it  cannot  be 
wiped  cflf,  or  even  be  aftedted  by  the  com- 
mon menflrua,  which  otherwife  would  dif- 

r 

folve  it. 

In  this  experiment  the  glafles  are  often . 
(battered  to  pieces.;  but  whether  they  are 
broken  or  not,  the  indelible  metallic  tinge 
will- always  be  found  in  feveral  places,  and 
fometimes  through  the  whole  length  of  both 
glafles. 

T4 


Expe- 


f 


280  A Complete  Treatise 

Experiment  XX. 

To  Jlain  the  Paper,  or  Glafs. 

1 1 ... 

Lay  a chain,  which  forms  a part  of  the 
circuit  between  the  two  fides  of  a charged 
jar,  upon  a fhect  of  white  paper,  and  if  a 
fhock  be  Tent  through  it,  the  paper  will  be 
found  {Lined  with  a blackifh  tinge  at  every 
juncture  of  the  links.  If  the  charge  be  very 
great,  the  paper,  inftead  of  being  ftained 
with  fpots,  is  burnt  quite  through.  If  the 
chain  be  laid  upon  a pane  of  glafs,  inftead 
of  paper,  the  glafs  will  often  be  found  ftained 
with  fpots  in  feveral  places,  but  (as  might 
be  expected)  not  fo  deep  as  the  paper. 

If  this  experiment  he  made  in  the  dark, 

a fpaik  will  be  feen  at  every  juncture  of  the 

links,  from  which  place  a kind  of  radiation 

alfo  proceeds  ; and  if  the  links  are  final], 

and  the  Ihock  pretty  ftrong,  the  chain  will 

appear  illuminated  like  a line  of  fire;  winch 

fhows  that  the  ehftric  fluid  meets  with 

• 

fome  refiftanee  in  pafling  from  one  link  of 
the  chain  to  another. 
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Experiment  XXL 
‘The  lateral  Exploftcn. 

If  a jar  be  difeharged  with  a difcharging 
rod  that  has  no  eledric  handle,  the  hand 
that  holds  it,  in  making  the  difcharge, 
feels  fome  kind  of  (hock,  efpecially  when 

the  charge  is  conflderable. In  other 

words  : A perfon,  or  any  conducing  fub- 
ftance,  that  is  connected  with  one  fide  of  a 
jar,  but  forms  no  part  of  the  circuit,  will 
Lei  a kind  of  fhock,  L e.  fome  effedt  of  the 
dilcharge.  This  may  be  rendered  vifible 
in  the  following  manner.  Conned  with 
the  outlide  of  a charged  jar  a piece  of 
chain ; then  difcharge  the  jar  through 
another  circuit,  as  for  inftance,  with  a dif- 
charging rod  in  the  common  way,  and  the 
chain  tiiat  communicates  with  the  outlide 
of  the  jar,  and  which  makes  no  part  of  the 
circuit,  will  appear  lucid  in  the  dark,  i.e. 
fparks  will  appear  between  the  links ; 
which  (hews  that  the  eledric  fluid  natural 
to  that  chain,  mull  by  fome  means  have 

been 
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been  difturbed*  This  chain  will  alfo  ap«* 
pear  luminous,  when  it  is  not  in  contact  with 
the  outfide  of  the  jar,  but  only  very  near 
it  $ and  on  making  the  difcharge,  a fpark 
will  be  feen  between  the  jar  and  the  end  of 
the  chain  near  it.  This  electrical  appear- 
ance out  of  the  circuit  of  a difcharging  jar, 
is  that  which  we  call  the  lateral  Explojion  : 
and  to  make  it  appear  in  the  mo  ft  confpi- 
cuous  manner,  obferve  the  following  me- 
thod, which  is  of  Bn  Priestley. 


i 


When  a jar  is  charged,  and  ftands  upon 
the  table  as  ufual,  infulate  a thick  metallic 
rod,  and  place  it  fo  that  one  of  its  ends  may 
be  contiguous  to  the  oufide  coating  of  the 
iar;  and  within  about  half  an  inch  of  its 

J * 

other  cnA,  place  a body  of  about  hx  or  feven 
feet  in  length,  and  a few  inches  in  breadth ; 


then  put  a chain  upon  the  table,  fo  that  one 
of  its  ends  may  be  about  one  inch  and  a 
half  diftant  from  the  coating  ol  the  jar;  to 
the  other  end  of  the  chain  apply  one  knob 
of  the  difcharging  rod,  and  bring  the  other 
kiiob  to  the  wire  of  the  jar  in  order  to  make 
the  explofiom  On  making  the  difcharge 
In  this  manner,  a ftrong  fpark  will  be  feen 

between 
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between  the  infulated  rod,  which  commu- 
nicates with  the  coating  of  the  jar,  and  the 
body  near  its  extremity,  which  fpark  does 
not  alter  the  ftate  of  that  body  in  refpedt  to 
Eleftricity;  hence  it  is  imagined,  that  this 
lateral  fpark  flies  from  the  coating  of  the 
jar,  and  returns  to  it  at  the  lame  inftant, 
allowing  no  perceptible  fpace  of  time,  in 
which  an  eleftrometer . can  be  affedted. 
Whether  this  lateral  explofion  is  received 
on  fiat  and  fmooth  furfaces,  or  upon  lharp 
points,  the  fpark  is  always  equally  long 
and  vivid. 

The  caufe  of  this  phenomenon  feems  to 
be  the  interruption  in  the  circuit,  made  by 
introducing  bad  Conductors  into  it ; for, 
as  this  interruption  is  greater  or  lefs,  fo 
the  lateral  explofion  is  more  or  lefs  con- 
siderables 


Vr 
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- C f-I  A P.  VIII. 

Experiments  with  other  charged  Electrics, 

THAT  the  experiments  made  wi  h 
other  charged  eleftrics  are  fimilar 
to  thofe  made  with  charged  glafs,  is  very 
evident ; fince  it  has  been  obferved  in  the 
Firft  Part  of  this  work,  andalfoin  the  ex- 
periments already  defcribed*  that  the  pro- 
perty of  being  charged,  of  exploding,  &c.  is 
hot  inherent  in  glafs,  as  glafs,  but,  as  being 
impervious  to  the  electric  fluid ; and  in 
Gonfequence,  it  mud  be  common  to  all 
fuch  fubftances,  which,  like  glafs,  are  im- 
pervious to  that  fluid : therefore,  under 
the  title  of  experiments  with  other  elec- 
trics, I mean  to  defcribe  experiments,  not 
of  a different  nature  from  the  above-men- 
tioned, but  only  the  manner  of  coating 
and  ufing  other  electrics,  which  are  not 
fa  manageable  as  glafs,  but  at  the  fame 
time*  have  feme  peculiar  advantages* 
Thefe  methods  I fhall  reduce  to  three,  /.  e. 
firft,  that  of  making  the  experiment  ot 

charging 
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charging  a plate  cf  air ; fecondly,  the  me- 
thod of  coating  refinous  fubftances ; and 
Jaftly,  a method  of  trying  other  ele£fcncs, 
tliat  are  in  a fluid  ftate. 

Experiment  L 

< V 

To  charge  a Plate  of  Air* 

Take  two  fmooth  circular  boards,  quite 
plain,  and  each  about  three  or  four  feet 

A 7 

in  diameter  ; coat  one  fide  of  each  with 
tin-foil,  which  fbould  be  pafted  down, 
burnifhed,  and  turned  over  the  edge  of  the 
board.  Thefe  boards  mu  ft  be  both  infu- 
lated,  parallel  to  one  another,  in  an  hori- 
zontal pofition  , they  muft  be  turned  with 
their  coated  fides  towards  each  other,  and 
ihould  be  placed  in  fuch  a manner  as  to  be 
ealily  moved  towards,  or  from  each  other  $ 
to  do  which,  it  will  be  proper  to  fix  to  one 
of  the  boards  a ftrong  fuppprter,  of  glafs 
or  baked  wTood,  and  to  fufpend  the  other 
by  filk  firings  from  the  deling  of  the 
room ; from  which,  by  a proper  pulley,  it 
may  be  lowered  or  rafted,  fo  as  to  be  at  any 
required  diftance  from  the  lower  board* 
which  may  be  placed  upon  a table. 


* 
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When  thefe  boards  are  placed  in  the 
manner  above  defcribed,  and  at  about  one 
inch  diftance  from  one  another,  they  may 
be  ufed  exactly  as  the  two  coatings  of  a 
pane  of  glafs.  If  one  of  the  boards  be  con- 
nected with  the  electrified  prime  Conduc- 
tor, and  the  other  be  left  infulated,  they 
will  receive  no  charge,  agreeable  to  the  fe- 
cond  experiment  of  the  preceding  chapter; 
and  if  after  fome  time  you  touch  them,  you 
will  receive  only  a lpark  from  the  upper 
board,  in  ccnfequence  of  its  being  con- 
nected with  the  electrified  prime  Conduc- 
tor. If,  whilft  one  of  the  boards  is  receiv- 
ing EleCtricity,  the  other  communicates 
with  the  earth,  then  the  plate  of  air  be- 
tween them  will  be  charged,  like  a coated 
plate  of  glafs ; for  that  board  which  com- 
municates with  the  earth  will  acquire  an 
EleCtricity  contrary  to  that  of  the  other 
board;  and  if  you  touch  them,  /.  e.  make  a 
communication  between  them,  they  will 
explode,  give  the  fhock,  &c.  limilar  to  a 
charged  jar. 

/ • . \ ^ 

In  this  experiment  it  cannot  be  expeCted, 
that  fuch  an  explofion,  and  with  fuch  a 
§ force. 
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force,  will  be  produced,  as  by  an  equal  fur- 
face  of  coated  glafs  ; for  here  the  coatings 
cannot  be  brought  fo  near  one  another  as  to 
render  them  capable  of  a high  charge,  be** 
caufe  the  plate  of  air,  being  much  lefs  com* 
pad  than  glafs,  may  be  eafily  broken  by  the 
force  of  the  charge,  i.  e.  it  may  eafily  dis- 
charge itfelf.  Notwithftanding,  however,, 
that  a plate  of  air  is  not  capable  of  receiv- 
ing a very  high  charge,  yet  this  experiment 
has  a great  advantage,  which  is,  that  here 
we  may  fee  what  pafles  between  the  two 
coatings,  either  in  charging  or  difcharging 
the  plate  of  air ; and  we  may  introduce  fe- 
veral  things  into  the  fubftance  of  this 
coated  eledfric,  which  produce  feveral  re- 
markable appearances.  By  this  experi- 
' ment  the  true  ftate  of  the  earth,  when 
covered  by  eledtrified  clouds,  may  be  re- 
prefented  exceedingly  well ; and  feveral 
meteors,  that  happen  in  that  ftate,  and 
which  are  thought  to  be  effedts  of  Elec- 
tricity, may  be  imitated;  fuch  as  water- 
fpouts  and  whirlwinds,  befides  the  well- 
known  eledtrical  phenomena,  thunder  >and 
lightning. 


\ 
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In  order  to  reprefent  a water-fpout;  as  it 
is  often  obferved  at  fea,  place  the  two 
boards  at  about  two  inches  di fiance  from 
one  another  ; put  a large  drop  of  water 
about  the  middle  of  the  lowed:  of  them, 
and  fix  a metallic  ball,  or  any  other  piece  of 
metal  that  is  fomewhat  fpherlcal  to  the 
upper  board,  jufi:  oppofite  to,  and  at  about 
half  an  inch  distance  from  the  furface  of  the 
water.  If  in  this  iitu  ition  the  upper  board 
be  electrified,  whilfl:  the  lower  communi- 
cates with  the  earth,  the  water,  which  re- 
prefents  the  lea,  will  be  attracted  by  the 
metallic  ball,  which  reprefents  a cloud, 
and  riling  nearly  in  a conical  body,  will  af- 
ford a pretty  good  reprefentation  of  the 
water-fpout  f. 

The 

) * 

* The  metallic  covering  of  fome  kind  of  coat-buttons 
anfvvers  exceedingly  well,  and  may  be  palled  on  the  tin- 
foil  coating  of  the  board. 

f The  knob  of  a charged  bottle,  being  brought  near 
the  water  in  a metal  plate,  or  common  earthen-ware  - 
faucer,  thews  this  experiment  in  a fimple  and  beauti- 
ful manner;  If  a large  drop  of  water  be  placed  upon 
the  knob  of  an  infulated  charged  bottle,  and  the  knob 
of  another  bottle,  charged  with  the  contrary  Electri- 
city, be  brought  near  the  drop  of  water,  it  will  be 

fquirted 
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The  appearance  of*  a whirlwind  is  bat 
feldom,  and  by  chance  to  be  obierved, 
The  bran  between  the  two  plates,  F*  P,  fig- 
2.  Plate  I,  is  fometimes  whirled  like  the 
duft  in  a whirlwind  •,  but  there  is  no  certain 
rule,  that  I know,  for  producing  this  phe- 
nomenon.  \ 

, . • . * , % y ' "* 

» • * , 

In  order  to  faceted  in  this  experiment, 
Mr*  Becket  diredts  to  place  the  boards 
above-mentioned  about  foiir  or  five  inches 
afunder,  and  to  put  fome  bran,  and  very 
fmall  bits  of  paper,  about  the  center  of  the 
lower  board*  If  in  this  fituation  the  up- 
per board  be  connedted  with  the  eledtrified 
prime  Conductor,  and  the  lower  one  bd 
either  connected  with  the  ground  or  with 
the  rubber  of  the  machine,  the  bran*  and 
bits  of  paper,  will  be  attradled  and  repelled, 
alternately,  by  the  boards.  “ But  (fays 
Mr.  Becket*)  “ the  moft  furprifing  ap- 
“ pearance  in  this  experiment,  and  what 
“ gives  it  the  moft  exadl  refemblance  of  a 

fquirted  away  in  a curious  manner,  particularly  if  the 
coating  of  the  infulated  bottle  be  touched  at  the  fame 
time. 

* In  his  EiTay  on  Electricity,  pi  iqr. 

u 


whirl- 
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“ whirlwind,  is  that  fometimes,  when  the 
44  Eledtricity  is  very  ftrong,  a quantity  of 
“ the  paper  and  bran  will  accumulate  in 
44  one  place,  forming  a kind  of  column 
44  between  the  boards,  and  fuddenly  ac- 
“ quire  a fwift  horizontal  motion,  moving 
44  like  a whirling  pillar  to  the  edge  of  the 
44  boards,  and  from  thence  fly  off,  and  be 

fcattered  about  the  room  to  a confider- 
44  able  diftance.  I own  I am  entirely  at  a 
4 4 lofs  to  account  for  this  extraordinary  ap- 
46  pearance — I call  it  extraordinary,  be- 
* caufe  it  but  feldom  occurs,  and  feems  to 
44  depend  either  on  a certain  degree  of  at- 
44  tradtion,  quantity  of  the  bran,  or  dif- 
“ tance  between  the  boards ; and  I could 
44  feldom  get  it  to  fucceed  perfedtly  but  by 
46  accident.” 

The  phenomena  of  thunder  and  light- 
ning are  exhibited  at  the  fame  time  by  a 
fpontaneous  difeharge  of  the  plate  of  air ; 
which  may  be  eafily  produced  by  letting 
the  boards  at  about  an  inch  diftance  from 
each  other,  and  electrifying  them  ftrongly* 

t 

Expe* 
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Experiment  II. 

T 0 coat  refmous  Electrics. 

The  bed  method  to  coat  fuch  electrics  as 

t 

rofin,  fealing-wax,  &c.  that  can  ealily  be 
melted,  is  firft  to  put  a circular  piece  of 
tin-foil,  about  two  inches  lefs  in  diameter 
than  the  plate  you  intend  to  make,  upon  a 
marble  tables  then,  to  pour  over  it  the 
eledhic  juft  melted.  This  may  be  fpread 
and  flattened  by  prefling  it  with  a pane  of 
glafs,  or  any  thing  that  is  even  and  fmooth  ; 
afterwards,  another  piece  of  tin -foil,  equal 
to  the  former,  is  to  be  ftuck  upon  the  elec- 
tric, which  may  be  done  by  prefling  it  gently 
with  a hot  iron;  and  then  the,  plate,  which, 
when  cold,  may  be  eafily  feparated  from  the 
marble  table,  will  be  fit  for  ufe. 

Experiment  III. 

To  infulate  fluid  Electrics . 

Take  a large  earthen  difh,  flat  at  the 
"bottom,  and  flick  within  it  a piece  of  tin- 

U 2 . foil 
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foil  about  an  inch  fhorter  than  the  flat  part 
of  the  difh  all  round,  and  through  a fmall 
hole,  made  in  the  bottom  of  the  difh,  intro- 
duce a flender  wire,  .which  muft  communi- 
cate with  the  tin-foil ; then  pour  into  the 
difh  fome  melted  tallow,  or  other  eledtric 
fubftances  that  you  defire  to  try ; laftly,  let 
a round  brafs  plate*,  equal  to  the  tinfoil 
thick  in  the  difh,  and  either  proceeding  from 
a glafs  arm  or  from  the  prime  Conductor, 
iufl  touch  the  furface  of  the  eledtric  in  the 
difli,  and  let  it  ftand  parallel,  and  oppofite 
to  the  tin-foil  ftuck  in  its  bottom.  In  this 
manner  the  plate  of  liquid  eledtric  is  coated, 
and  may  be  eafily  fubjedted  to  experiments. 

Plates  of  other  confident  eledtrics,  that 
cannot  eafily  be  melted,  may  be  coated  in 
the  fame  manner  as  a plate  of  glafs  ; and 
fome  of  them  will  be  found  to  anfwer  as 
well,  if  not  better  than  glafs. 

i 

* The  brafs  plate  F,  fig.  2*  of  Plate  I.  may  be  very 
ufcful  for  this  purpofe. 


CHAP. 


on  Electricity.  293 

v* 

CHAP.  IX. 

Experiments  on  the  Influence  of  Points , and 
the  JJJefulnefs  of  pointed  metallic  Conduc- 
tors, to  defend  Buildings  from  the  Ejects  of 
Lightning . 

Y reader,  in  the  courfe  of  tins  work, 
muft  have  obfervedin  feveral  of  the 
experiments  already  deferibed,  the  remark- 
able property  that  points  have,  both  of 
throwing  off  and  receiving  Jilently  the  elec- 
tric fluid  3 but  in  this  chapter  I (hall  de- 
feribe  fome  more  curious  experiments  of  this 
kind,  by  which  the  influence  of  points,-  in 
refpeetto  Electricity,  may  be  better  under- 
flood,  and  which  may,  in  a more  particular 
manner,  demon ftrate  the  utility  of  metallic 
Conductors  to  houfes,  or  piles  of  building, 
in  order  to  preferve  them  from  the  damage 
often  occalioned  by  a ffroke  of  lightning ; 
which  is  one  of  the  greateft  benefits  that 
mankind  has  received  from  the.  feienee  of 
Eledtricity. 
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Experiment  I. 

To  difcharge  a Jar  Jilently . 

When  a large  jar  is  fully  charged,  which 
would  give  a terrible  fhock,  put  one  of  your 
hands  in  contadl  with  its  outfide  coating; 
with  the  other  hold  a {harp-pointed  needle, 
and,  keeping  the  point  directed  towards  the 
knob  of  the  jar,  proceed  gradually  towards 
it,  until  the  point  of  the  needle  touches  the 
knob.  This  operation  difcharges  the  jar 
entirely, and  you  will  either  receive  no  fhock 
at  all,  or  fo  fmall  a one  as  can  hardly  be  per- 
ceived. The  point  of  the  needle,  therefore, 
has  filently  and  gradually  drawn  all  the  lu- 
perfiuous  fluid  from  the  inflde  furface  of  the 
eledtric  jar. 

Experiment  II. 

Drawing  the  Electricity  from  the  prime  Con - 

duSlor  by  a Point „ 

Let  a perfon  hold  the  knob  of  a brafs  rod 
at  fuch  a diftance  from  the  prime  Conductor, 
that  fparks  may  eaflly  fly  from  the  latter  to 
the  former,  when  the  machine  is  in  motion. 
Then  let  the  winch  be  turned,  and,  while 
the  fparks  are  following  one  another,  pre- 
sent the  fharp  point  of  a needle,  at  nearly 

twice 
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twice  the  diftance  from  the  prime  Conduc- 
tor that  the  knobbed  rod  is  held ; and  you 
will  obferve  that  no  more  fparks  will  go  to 
the  rod; — -remove  the  needle  entirely,  and 
the  fparks  will  be  feen  again ; — prefent  the 
needle,  and  the  fparks  difappear;  which  evi- 
dently fhows,  that  the  point  of  the  needle 
draws  off  Jikntly  almofc  all  the  fluid  that  tha 
cylinder  throws  upon  the  prime  Conductor. 
If  whild  the  pointed  needle  Hands  prefented 
to  the  Conductor  you  form  the  finger  and 
thumb  of  your  hand  like  a ring,  and  furround 
the  point  of  the  needle,  its  adtion  will  be 
fuppreffed,  as  is  manifefted  by  the  fparks 
which  go  to  the  rod,  which  fhews  that  a 
point  will  ad  as  a point  only  whilft  it  re- 
mains free  and  dif encumbered;  but  not  when 
furrounded  by  other  bodies. 

If  the  needle  be  fixed  upon  the  prime 
Conductor  with  the  point  outward,  and  the 
knob  of  a difeharging  rod,  or  the  knuckle  of 
a finger,  be  brought  very  near  the  prime 
Conductor,  though  the  excitation  of  the  cy- 
linder may  be  very  ftrong,  yet  you  will  per- 
ceive that  no  fpark,  or  only  an  exceeding 
fhaall  one,  can  be  obtained  from  the  prim£ 
Ccndudor. 

'C  . ' 

U 4.  Expy? 
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Experiment  III. 

The  electric  Fly . 

Fix  the  fly,  defcribed  in  the  third  chap-r 
ter,  upon  the  prime  Conductor,  as  repre- 
fented  by  D,  fig.  2,  of  Plate  1 3 then  turn 
the  winch  of  the  machine,  and  the  fly  will 
immediately  begin  to  move  round  in  an  ho- 
rizontal pofltion,  and  in  the  direction  of 
the  letters  abed 3 /.  e 4 contrary  to  the 
direction  of  the  points  of  the  wires.  If  the 
experiment  be  repeated  with  a Conductor 
negatively  eledtrified,  the  fly  will  turn  the 
fame  way  as  before,  viz.  in  the  direction 
of  the  letters  abed . The  reafon  of  this 
experiment  depends  upon  the  repulfion 
exifting  between  bodies  poflfefled  of  the 
fame  EleCtricity  3 for  whether  -the  fly  is 
eledtrified  pofitively  or  negatively,  the  air 
oppofite  to  the  points  of  the  wires  (on  ac- 
count of  the  points  eaflly  tranfmitting 
Electricity)  acquireth  a ftrong  Electricity, 
analogous  to  that  of  the  points  3 and  there- 
fore the  air  and  the  points  mud  repel  each 
pther.  This  explanation  is  confirmed,  by 

obferving 


1 
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obferving  that  the  above  fly  not  only  does 
not  move  in  vacuo;  but  even,  if  placed 
under  a dole  receiver,  it  will  turn  but  for 
a little  while,  and  then  flop ; for  the  quan- 
tity of  air  contained  in  the  receiver,  may 
become  readily,  and  equally  electrified 


Experiment  I V. 

*Tbe  electrified  Cotton . > 

Take  a fmall  lock  of  cotton,  extended 
in  every  direction  as  much  as  can  conve- 
niently be  done,  and  by  a linen  thread  about 

* If,  when  the  fly  under  the  clofe  receiver  is  flop- 
ped, you  put  the  end  of  a finger  on  the  outfide  of  the 
glafs,  oppofite  to  one  of  the  points  of  the  fly,  this  will 
move  again  brifkly ; and  by  altering  the  pofltion  of 
your  finger  occaiionally  round  the  glafs,  you  may  con- 
tinue its  adlion  a confiderable  time,  viz.  till  mofl  of 
that  part  of  the  glafs  is  charged.  In  this  cafe,  when 
the  finger  is  applied  on  the  outfide  of  the  receiver,  the 
glafs  lofmg  part  of  its  natural  eledlric  fluid  from  the 
outfide  (i.  e.  when  the  fly  is  electrified  pofitively,  or  vice 
verfa , when  negatively)  receives  the  fluid  of  the  cledtri- 
fied  air  on  its  iiifide  fur  face ; hence  this  air  is  put  in  a 
Rate  of  being  again  eledlrifle.d  by  the  point  of  the- fly, 
jyhich  renews  the  motion. 


live 
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five  or  fix  inches  long,  or  by  a thread 
drawn  out  of  the  fame  cotton,  tie  it  to  the 
end  of  the  prime  Condudor ; then  let  the 

winch  of  the  machine  be  turned,  and  the 

.«  >• 

iock  of  cotton,  on  being  eledrified,  will 
immediately  fwell,  hy  repelling  its  fila- 
ments from  one  another,  and  will  ftretch 
itfelf  towards  the  neareft  Condudor.  In 
this  fituation  let  the  winch  be  kept  turn- 
ing, and  prefent  the  end  of  your  finger,  or 
the  knob  of  a wire,  towards  the  lock  of 
cotton,  which  will  then  immediately  move 
towards  the  finger,  and  endeavour  to  touch 
it ; but  take  with  the  other  hand  a 
pointed  needle,  and  prefent  its  point  to- 
wards the  cotton,  a little  above  the  end  of 
the  finger,  and  you  will  obferve  the  cotton 
immediately  to  fhrink  upward,  and  move 
towards  the  prime  Condudor.  Remove 
the  needle,  and  the  cotton  will  come  again 
towards  the  finger.  Prefent  the  needle* 
and  the  cotton  will  jhrink  again  : which 
clearly  (hews,  that  the  needle,  being  iharp- 
pointed,  draws  oft  the  eledric  fluid  from 
the  cotton,  and  puts  it  in  a ftate  of  being 
attraded  by  the  prime  Condudor  ,*  which 
could  hot  be  effeded  by  a Wire  having  a 

blunted 
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blunted  end,  or  a round  ball  for  its  termi- 
nation. 


Experiment  V, 

‘ The  ele&rified  Bladder* 

Take  a large  bladder,  well  blown,  and 
cover  it  with  gold,  fiver,  or  brafs  lea£ 
flicking  it  with  gum-water ; fufpend  this 
bladder  at  the  end  of  a filk  thread,  at  leaii 
fix  or  feven  feet  long,  hanging  from  the 
cieling  of  the  room,  and  electrify  the 
bladder,  by  giving  it  a fiirong  fpark  with 
the  knob  of  a charged  bottle  : this  done, 
take  a knobbed  wire,  and  prefent  it  to  the 
bladder  when  motionlefs,  and  you  will 
perceive,  that  as  the  knob  approaches  the 
bladder,  the  bladder  alfo  moves  towards 
the  knob,  and  when  nearly  touching  it, 
gives  it  the  fpark,  which  it  received  from 
the  charged  phial,  and  thus  it  becomes  un- 
eledtrified.  Give  it  another  fpark,  and, 
inftead  of  the  knobbed  wire,  prefent  the 
point  of  a needle  towards  it,  and  you  will 
perceive  that  the  bladder  will  not  be  at- 
tracted by,  but  rather  recede  from  the 
/ - 

' - > point, 
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point,  efpeeial%7  if  the  needle  be  very  fud- 
denly  prefented  towards  it. — This  is  one  of 
Mr.  Hen ly’s  experiments. 

Before  we  proceed  to  the  practical  ufe  of 
pointed  Conductors  to  buildings,  in  order 
to  defend  them  from  lightning  (which  is 
nothing  more  than  the  proper  application 
of  the  preceding  experiments)  it  will  be 
proper  to  fay  fomething  in  explanation  of 
the  above  property  of  points,  which  a few 
years  ago  cccafioned  feveral  controverfies. 
In  order  to  this,  it  fhould  be  remembered, 
that  the  eledric  fluid  fuperinduced  upon 
an  infulated  body,  is  confined  upon  that 
body  by  the  air  which  furrounds  it.  Fur- 
ther, that  Eledricity,  by  being  continu- 
ally communicated  to  the  air,  which  is 
never  a perfed  eledric,  is  gradually  difii- 
pated  y from  whence  follows  this  very  evi- 
dent principle,  /.  e.  that  as  a greater  or  lefs 
quantity  of  air  is  contiguous  to  a given 
.quantity  of  eledrified  furface,  fo  that  fur- 
face  lofeth  its  Eledricity  fooner  or  later, 
Supppfe,  for  in  fiance,  that  a pointed  needle 
is  fixed  upon  the  prime  Conductor ; mark 
a dot  upon  anv  part  of  the  prime  Conduc- 
tor, 

* “ ) 
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tor,  which  may  be  nearly  equal  to  the 
point  of  the  needle,  and  then  eleCtrify  the 
prime  Conductor.  Now  it  is  evident  to 
bare  infpedtion,  that  although  the  point  of 
the  needle  and  the  dot,  &c.  are  of  equal 
furfaces,  yet  the  former  is  expofed  to  a quan- 
tity of  air,  which  almoft  entirely  furrounds 
it,  and  which  is  vaftiy  greater  than  the  air 
contiguous  t©  the  latter  : hence,  the  Elec- 
tricity, communicated  to  the  prime  Con- 
ductor, is  diflipated  more  eafily  from  the 
point  of  the  needle  than  from  the  dot,  or 
any  other  part  of  the  prime  Conductor. 
Befides,  the  air  about  the  point  may  more 
eafily  be  moved,  in  confequence  of  the 
eleCtrical  repulfion,  than  at  any  other  part 
of  the  furface  of  the  prime  Conductor,  and 
new  air,  u e.  uneleCtrified  air,  pafles  more 
frequently  by  it,  which  taking  always  part 
of  the  EleClricity  of  that  body,  promotes 
alfo  its  diflipation. 

••  # » 

In  the  fame  manner  may  be  undcrftood, 
why  the  Electricity  is  more  eafily  difli- 
pated at  iharp  edges  and  corners,  than  at 
flat  ones ; for  as  the  furfaces  of  bodies  in 
general  are  more  or  lefs  plain,  fo  they  are 

- expofed 
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expofed  to  a lefs  or  greater  quantity  of  air 
and  participate  more  or  lefs  of  the  nature 
and  properties  of  points. 

When  the  pointed  body  is  negatively 
cledrified,  it  is  for  the  fame  reafon  that  it 
acquires  the  electric  fluid  through  the 
point,  eafler  than  through  any  other  part 
of  its  furface;  i.  e . becaufe  the  point  ex- 
hibiting the  leaft  furface  to  the  greatefl: 
quantity  of  free  air,  has  the  greateft  num- 
ber of  particles  of  air,  from  which  it  can 
extradt  the  eledtric  fluid 


Experiment  VI. 

^the  thunder -houfe. 

* 

Fig.  i.  of  Plate  II.  is  an  inftrument  re- 
prefenting  the  fide  of  a houfe,  either  fur- 
nifiied  with  a metallic  Conductor,  or  not  j 
by  which  both  the  bad  effeds  of  lightning 
ftriking  upon  a houfe  not  properly  fe- 
cured,  and  the  ufefulnefs  of  metallic  Con.- 

* For  a more  particular  explanation  of  the  above- 
mentioned  property  of  points,  fee  Beccaria’s  Artifi- 
cial Electricity. 

dudtors* 
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du£tors,  may  be  clearly  reprefented.  A is  a 
board  about  three-quarters  of  an  inch 
thick,  and  lhaped  like  the  gable-end  of  a 
houfe.  This  board  is  fixed  perpendicu- 
larly upon  the  bottom  board  B,  upon 
which  the  perpendicular  glafs  pillar  CD 
is  alfo  fixed,  in  a hole  about  eight  inches 
diftant  from  the  bafis  of  the  board  A.  A 
fquare  hole,  ILMK,  about  a quarter  of 
an  inch  deep,  and  nearly  one  inch  wide,  is 
made  in  the  board  A,  and  is  filled  with  a 
fquare  piece  of  wood,  nearly  of  the  fame 
-dimenfions.  I mention  nearly  of  the  fame 
dimenfions,  becaufe  it  muft  go  fo  eafily 
into  the  hole,  that  it  may  drop  off  by  the 
lead:  fbaking  of  the  inftrument.  A wire, 
LK,  is  faftened  diagonally  to  this  fquare  - 
piece  of  wood.  Another  wire,  IH,  of  die 
lame  thicknefs,  having  a brafs  ball,  H, 
fcrewed  on  its  pointed  extremity,  is  fafi* 
tened  upon  the  board  A ; fo  alfo  is  the 
wire  MN,  which  is  lhaped  in  a ring  at  O. 
From  the  upper  extremity  of  the  glafs 
pillar  CD,  a crooked  wire  proceeds, 
.having  a fpring  focket  F,  through  which 
a double-knobbed  wire  flips  perpendicu- 
larly, the  lower  knob  G of  which  falls  juft 
f it  above 
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above  the  knob  H.  The  glafs  pillar  DC 
muft  not  be  made  very  faft  into  the  bot- 
tom  board ; but  it  muft  be  fixed  fo  as 
to  be  pretty  ealily  moved  round  its  own 
axis,  by  which  means  the  brafs  ball  G may 
be  brought  nearer  or  farther  from  the  ball 
H,  without  touching  the  part  E F G- 
Now  when  the  fquare  piece  of  wood 
LMIK  (which  may  reprefent  the  fhutter 
of  a window*  or  the  like)  is  fixed  into  the 
hole  io,  that  the  wire  LK  ftands  in  the 
dotted  reprefcntation  IM,  then  the  me- 
tallic communication  from  H to  O,  is 
complete,  and  the  inftrument  reprefents  a 
houfe  furnilhed  with  a proper  metallic 
Conductor ; but  if  the  fquare  piece  of 
wood  LMIK  is  fixed  fo,  that  the  wire 
LK  ftands  in  the  direction  LK,  as  repre- 
fented  in  the  figure,  then  the  metallic  Con- 
ductor HO,  from  the  top  of  the  houfe  to 
its  bottom,  is  interrupted  at  IM,  in  which 
cafe  the  houfe  is  not  properly  fecured. 

Fix  the  piece  of  wood  LMIK,  fo  that 
its  wire  may  be  as  rcprefented  in  the 
figure,  in  which  cafe  the  metallic  Conduc- 
tor HO  is  difcontinued.  Let  the  ball  G 

8 - ' be 
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be  fixed  at  about  half  an  inch  perpendicu- 
lar diftance  from  the  ball  H,  then,  by 
turning  the  glafs  pillar  DC,  remove  the 
former  ball  from  the  latter : by  a wire  or 
chain  conned  the  wire  EF  with  the  wire 
Q^of  the  j ar  P,  and  let  another  wire  or 
chain,  faftened  to  the  hook  O,  touch  the 
outfide  coating  of  the  jar.  Connect  the 
wire  Q_with  the  prime  Conductor,  and 
charge  the  jar ; then,  by  turning  the  glafs 
pillar  DC,  let  the  ball  G come  gradually 
near  the  ball  H,  and  when  they  are  arrived 
fufficiently  near  one  another,  you  will  ob~ 
ferve  that  the  jar  explodes,  and  the  piece 
of  wood,  LMiK,  is  pufhed  out  of  the 
hole  to  a conliderable  diftance  from  the 
thunder-houfe.  Now  the  ball  G,  in  this 
experiment,  reprefents  an  electrified  cloud ; 
which,  when  it  is  arrived  fufficiently  near 
the  top  of  the  houfe  A,  the  Electricity 
ftrikes  it,  and,  as  this  houfe  is  not  fecured 
with  a proper  Conductor,  the  explofioa 
breaks  part  of  it,  u e.  knocks  off  the  piece 
of  wood  IM. 

Repeat  the  experiment  with  only  this 
variation,  viz.  that  this  piece  of  wood  IM 

X is 
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is  fituated  fo,  that  the  wire  LK  may  ftand 
in  the  fituation  IM;  in  which  cafe  the 
Conductor  HO  is  not  difcontinued ; and 
you  will  obferve,  that  the  explofion  will 
have  no  effedt  upon  the  piece  of  wood 
LM ; this  remaining  in  the  hole  un- 
moved ; which  fhews  the  ufefulnefs  of  the 
metallic  Condudtor. 

Further : Unfcrew  the  brafs  ball  H from 
the  wire  H I,  fo  that  this  may  remain 
pointed,  and,  with  this  difference  only  in 
the  apparatus,  repeat  both  the  above  expe- 
riments ; and  you  will  find  that  the  piece 
of  wood  I M is  in  neither  cafe  moved  fiom 
its  place,  nor  any  explofion  will  be  heard ; 
which  demonftrates  the  preference  of  Con- 
ductors with  pointed  terminations  to  thofe 
with  blunted  ones. 

To  prove  farther  the  preference  of  point- 
ed Conductors  to  blunt  ones,  the  experi- 
ment of  the  eledlrified  cotton  (viz.  the  fourth 
experiment  of  this  chapter)  may  be  eafily 
repeated  with  this  apparatus ; by  which 
it  may  be  fhewn,  that  a pointed  Conductor 
filently  drawing  off  the  ele&ric  fluid  from 

the 


on  Electricity.  3 07 

the  fmall  clouds  near  it,  which  are  repre- 
fented  by  the  cotton  tied  to  the  wire  of  the 
ball  G,  repels  them,  and  may  thus,  in  fome 
cafes,  perhaps,  actually  prevent  a ftroke  of 
lightning;  whereas  the  blunted  Conductor 
facilitates  it.  Small  feathers  may  alfo  be 
tied  near  the  knob  G,  which,  by  repelling 
one  another,  may  exhibit  a better  reprefen- 

V. 

tation  of  an  electrified  cloud ; and,  in  fhort, 
with  a little  contrivance,  theabove-defcribed 
apparatus,  commonly  called  the  Thunder- 
houfey  may  be  adapted  to  reprefent  the  prin- 
cipal phenomena  of  lightning,  together  with 
feveral  circumftances  preceding,  or  follow- 
ingit. 
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C H A P.  X. 


Experiments  with  the  eleSlrical  Battery. 
HE  force  of  accumulated  Electricity, 


great  as  it  appears  by  the  experiments 
performed  with  a fingle  coated  jar,  is  very 
fmall  when  compared  with  that,  which  is 
produced  by  a number  of  jars  connected  to- 
gether; and  if  the  effeds  of  a fingle  jar  are 
furpriling,  the  prodigious  force  of  a large 
battery  is  certainly  affonifhing.  To  obferve 
that  the  metals,  even  the  moft  purified  pla- 
tina,  which  refills  the  greateft  efforts  of  che- 
rnic  fire,  are  actually,  and  almofl  inftanta- 
neoufly  rendered  red-hot,  and  fufed;  to  fee 
animals  deftroyed;  and  to  hear  the  loud  re- 
port of  a large  eledtric  battery,  are  things  that 
always  produce  a kind  of  terror  in  the  mind 
of  an  attentive  obferver.  Experiments  of  this 
kind  fhould  be  conducted  with  great  caution, 
and  the  Operator  ought  to  be  attentive,  not 
only  to  the  bufinefs  in  hand,  but  alfo  to  the 
per  ions  who  may  happen  to  be  near  him, 
prohibiting  their  touching,  or  even  coming 
too  near  any  part  of  the  apparatus ; for  if  a 
miftake  in  performing  other  experiments 


may 
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may  be  difagreeable,  thofe  in  the  difcharge 
of  a large  battery  may  be  attended  with 
worfe  confequences. 

When  a battery  is  to  be  charged,  inftead 
of  a large  prime  Conductor,  a final!  one  is 
much  more  convenient;  for,  in  this  cafe,  the 
diflipation  of  the  Electricity  is  not  lo  confix 
-derable.  The  quadrant  electrometer,  which 
fhews  the  height  of  the  charge  in  the  bat- 
tery, may  be  fixed  either  upon  the  prime 
Conductor,  or  upon  the  battery ; in  which 
latter  cafe,  it  fhould  be  placed  upon  a rod 
proceeding  from  the  wires  of  the  jars,  and 
if  the  battery  be  very  large,  it  fhould  be  ele- 

1 

vated  two  or  three  feet  above  them.  Even 
in  common  ufe,  viz.  when  placed  upon  the 
prime  Conductor,  as-fhewn  in  fig.  2.  Plate 
I.  the  quadrant  electrometer  fhould  be  ele- 
vated fome  inches  above  the  furface  of  the 

Conductor* 

> 

The  index  of  the  electrometer  in  charge 
ing  a large  battery  will  feldcm  rife  fo  high 
as  90°,  becaufe  the  machine  cannot  charge 
a battery  fo  high  in  proportion,  as  a fingle 
jar.  Its  limit  is  often  about  6o°  or  70°, 
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more  or  lefs  in  proportion  to  the  fize  of  the 
battery,  and  the  force  of  the  machine. 

Experiment  I. 

To  melt  Wires. ' 

Connect  with  the  hook,  communicating 
with  the  outfide  coating  of  a battery,  con- 
taining at  leaft  thirty  fquare  feet  of  coated 
furface,  a wire,  that  is  about  one-fiftieth  part 
of  an  inch  thick,  and  about  two  feet  long ; 
the  other  end  of  it  mud:  be  faftened  to  one 
end  of  the  difcharging  rod;  this  done,  charge 
the  battery,  and  then,  by  bringing  the  dif- 
charging rod  near  its  wires,  fend  the  explo- 
fion  through  the  fmall  wire,  which,  by  this 
means,  will  be  made  red-hot,  and  melted,  fo 
as  to  fall  upon  the  floor  in  different  glowing 
pieces.  When  a wire  is  melted  in  this 
manner,  fparks  are  frequently  feen  at  a 
confiderable  diftance  from  it,  which  are  red- 
hot  particles  of  the  metal,  that  by  the  vio- 
lence of  the  explofion  are  fcattered  in  all  di- 
rections. If  the  force  of  the  battery  is  very 
great,  the  wire  will  be  intirely  difperfed  by 
the  explofion,  fo  that  none  of  it  can  be  after- 
wards found. 


By 
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■ By  repeating  this  experiment  with  wires 
of  different  metals,  and  the  fame  force  of 
explofion,  it  will  be  found  that  fome  metals 
are  more  readily  fufed  than  others,  and 
fome  not  at  all  affedted ; which  fhows  the 
difference  of  their  conducing  power.  If 
it  be  required  to  melt  fuch  particles  of 
metals,  that  cannot  eafily  be  drawn  in 
wires,  as  ores,  grains  of  platina,  &c.  they 
may  be  fet  in  a train  upon  a piece  of  wax ; 
this  train  may  be  inferted  in  the  circuit,  and 
an  explofion  may  be  fent  through  it,  which, 
if  it  be  fufficiently  ftrong,  will  melt  the 
metallic  particles,  as  well  as  the  wires : or, 
if  the  quantity  to  be  tried  be  large  enough, 
it  may  be  confined  in  a fmall  tube  of  glafs. 

In  melting  wires  of  a confiderable  length, 
it  is  often  obferved,  that  when  the  force  of 
the  explofion  is  juft  fufficient  to  render  the 
wire  red-hot,  the  rednefs  begins  firft  from 
one  end  of  it,  namely,  that  which  commu- 
nicates with  the  pofitive  fide  of  the  bat- 
tery, and  from  thence  gradually  proceeds  to 
the  other  end.  This  is  another  ocular  de- 
monftration  of  the  theory  of  a Angle  eledlric 
fluid.  Indeed  the  wire  is  not  rendered  red- 

X 4 hot 
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hot  in  one  place  before  the  other,  in  con-* 
fequence  of  the  electric  fluid  pafling  firft 
through  the  former,  and  then  through  the 
latter,  for  that  difference  of  time  is  by  far  too 
fmall  to  be  obferved ; but,  becaufe  the  elec- 
tric fluid  lofes  fome  of  its  impetus,  or  velo- 
city, in  going  through  the  wire ; hence  the 
part  of  the  wire  which  the  eledtric  fluid 
enters,  fufters  the  greateft  effedt  of  the 
fhock,  and,  confequently,  becomes  red 
fooner,  and  in  a greater  degree. 

If  a wire  be  ftretched  by  weights,  and  a 
fhock  be  fent  through  it,  which  renders  it 
juft  red-hot,  the  wire,  after  the  explofion, 
will  be  found  conflderably  lengthened ; but 
if  the  wire  be  left  loofe,  after  a fimilar  ex- 
plofion  it  will  be  found  fhortened*,  If  a 
wire  be  melted  upon  a piece  of  glafs,  the 
glafs,  after  the  explofion,  will  be  found 
marked  with  all  the  prifmatic  colours, 

* This  is  a late 1 ©bfervation  of  Mr.  EdwaRI^ 
Nairne.  See  the  Phif  Tranf.  vol.  LJCX, 
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Experiment  II. 

f 0 fhew  that  the  eledtric  Fluid  prefers  a floor t 
PajJ'age  through  the  Air , to  a long  one 
through  good  Conductors* 

Bend  a wire  about  five  feet  long  in  the 
form  reprefented  by  fig.  11.  Plate  IL  fo 
that  the  parts  AB  may  come  within  half 
an  inch  of  one  another  ; then  conned:  the 
extremities  of  the  wire  with  the  hook  of 
the  battery,  and  the  difcharging-rod,  as 
direded  in  the  preceding  experiment,  and 
fend  the  charge  of  a battery  through  it. 
On  making  the  exploiion,  a fpark  will  be 
feen  between  A and  B,  which  (hows  that 
the  eledric  fluid  choofes  rather  a ihort 
paflage  through  the  air,  than  the  long  one 
through  the  wire.  The  charge,  however, 
does  not  pafs  intirely  through  A and  B, 
but  part  of  it  goes  alfo  through  the  wire ; 
which  may  be  proved  by  putting  a (lender 
wire  between  A and  B ; for,  on  making  the 
difcharge  with  only  this  addition  in  the  ap- 
paratus, the  fmall  wire  will  be  hardly  made 
red-hot;  whereas,  if  the  large  wire  ADB 

be 
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be  cut  in  D,  fo  as  to  difcontinue  the  cir- 
cuit  ADB,  the  fmall  wire  will  be  melted* 
and  even  exploded,  by  the  fame  fhock  that 
before  made  it  fcarcely  red-hot.  In  this 
I manner  (fays. Dr.  Priestley,  who  is  the 
inventor  of  this  experiment)  may  the  con- 
ducting power  of  different  metals  be  tried, 
ufing  metallic  circuits  of  the  fame  length 
and  thicknefs,  and  obferving  the  difference 
of  the  paffage  through  the  air  in  each. 

* 1 % s ’>  4 

<3  . ! / 

Experiment  III. 

♦ 

*To  make  Globules  of  Metals . 

Take  a very  flender  wire,  and  put  it  in  a 
glafs  tube,  about  one  quarter  of  an  inch  in 
diameter ; then  fend  the  charge  of  a battery 
through  it,  and  the  wire  will  be  melted, 
'and  reduced  into  globules  of  different  fizes, 

• which  are  found  flicking  on  the  infide  fur- 
face  of  the  glafs  tube,  and  they  may  be 
eafily  feparated  from  it  at  pleafure  : thefe, 
upon  examination,  will  all  be  found  hol- 
low, and  are  little  more  than  a mere  fcoria 
of  the  matah 
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It  mud  be  observed,  in  making  this  ex- 
periment, that  the  charge  of  the  battery 
muft  neither  be  too  high  nor  too  weak  j 
for  in  the  former  cafe,  the  wire  will  be  re- 
duced into  pieces  exceedingly  fmall,  or  ra- 
ther exploded  in  fmolce  ; and  in  the  latter 
cafe,  it  will  be  imperfectly  fufed,  fo  that  its 
pieces  will  be  large  and  irregular. 

' t ✓ 

4 
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Experiment  IV. 
rfhe  Fairy  Circles . 

Fix  upon  each  of  the  knobs  DD  of  the 
univerfal  difcharger,  fig.  5.  Plate  I.  or 
upon  the  wires  that  fupport  the  knobs, 
when  the  knobs  are  removed,  a flattifh  and 
fmooth  piece  of  metal,  or  femi-metal 
(watch-cafes  are  very  fit  for  this  purpofe) 
fo  that  their  furfaces  may  come  fo  near  each 
other,  that  the  battery  may  be  difcharged 
through  them  ; then  conned  one  wire  of 
the  difcharger  with  the  outfide  of  the  bat- 
tery, and  the  other  wire,  by  the  help  of 
the  difcharing-rod,  with  the  infide  of  it, 
fo  as  to  make  the  difcharge ; which  will 
occafion  the  fpot  and  circles  defcribed  in 

the 
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the  fird  part  of  this  Treatife,  upon  the 
furface  of  each  of  the  pieces  of  metal  fixed 
upon  the  difcharger. 

Thefe  circles  have  hitherto  been  exhi- 
bited upon  the  furface  of  no  other  fub- 
dances  but  metals  and  they  are  found  to 
be  marked  more  didindtly  upon  fuch  me- 
tals  as  melt  with  the  lead  heat.  The  mod 
beautiful  of  thefe  rings  are  produced  by  a 
number  of  difcharges  repeatedly  taken  from 

i 

a large  battery,  every  part  of  the  apparatus 
remaining  exadtly  in  the  lame  lituation.  If 
the  pieces  of  metal  receive  the  explofion  in 
vacuo,  the  fpot  formed  on  them  is  very  irre- 
gular and  confufed. 

I have  given  thefe  fpots  the  appellation 
of  Fairy  Circles , on  account  that  they  bear 
fome  refemblance  to  the  fpots  fo  called, 
which  are  often  obferved  upon  the  grafs  in 
the  fields.  Thefe,  which  we  may  call  na- 
tural Fairy  Circles  in  the  fields,  have 
been  thought  to  be  e fife  died  by  lightning, 
on  account  of  their  bearing  fome  refem- 
blance to  the  above-mentioned  circles  pro- 
duced by  Electricity  3 the  fuppofition, 

however. 
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however,  feems  not  very  probable ; for  the 
fpots  in  the  fields,  called  Fairy  Circles, 
have  no  central  fpot,  no  concentric  circles, 
neither  are  they  always  of  a circular  figure  ; 
and,  as  I am  informed,  they  feem  to  be  ra- 
ther beds  of  muihrooms  than  the  effedts  of 
lightning. 

.Experiment  V. 

To  mark  coloured  Rings  on  Metals . 

In  order  to  exhibit  coloured  rings  upon 
the  furface  of  metals,  place  a plain  piece  of 
any  of  the  metals  upon  one  of  the  wires  of 
the  univerfal  difeharger,  and  upon  the 
other  wire  fix  a {harp-pointed  needle, 
with  the  point  juft  oppofite  to  the  furface 
of  the  metal ; then  connect  one  wire  of 
the  difeharger  with  the  outfide  of  a bat- 
tery, and  the'  other  with  the  difeharging- 
rod,  &c.  In  this  manner,  if  e'xplofions 
be  repeatedly  fent  either  from  the  point 
to  the  piece  of  metal,  or  from  the  latter  to 
the  former,  they  will  gradually  mark  the 
furface  of  the  piece  of  metal  oppofite  to 
the  point*  with  circles,  confifting  of  all  the 

prifmatic 
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prifmatic  colours  •>  which  are  evidently 
occafioned  by  laminae  of  the  metal,  raifed 
by  the  force  of  the  explofions. 

Thefe  colours  appear  fooner,  and  the 
rings  are  clofer  to  one  another,  when  the 
point  is  nearer  to  the  furface  of  the  metal. 
The  number  of  rings  is  greater  or  lefs, 
according  as  the  point  of  the  needle  is 
more  (harp  or  more  blunt ; and  they  are 
represented  equally  well  upon  any  of  the 
metals. 

The  point  of  the  needle  is  alfo  coloured 
to  a confiderable  diftance  •,  the  colours 
upon  it  returning  in  circles,  though  not 
very  diftindtly.  This  is  an  experiment  of 
Dr.  Priestley. 

Experiment  VI. 

* 

; * 

\ The  Imitation  of  an  Earthquake . 

i 

The  appearance  of  the  earthquake,  as 
reprefented  with  the  explofion  of  a bat- 
tery, is  occafioned  by  the  concuffion  given 
to  feveral  fubftances  by  the  explolion 

pailing 
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palling  over  their  furfaces.  To  give  a re- 
prefentation  of  the  impreffion  made  upon 
houfes  by  the  earthquake,  fmall  flicks, 
cards,  of  the  like,  may  be  placed  upon  the 
furface  of  the  body  over  which  the  explo- 
fion  is  to  be  tranfmitted,  fo  as  to  fland 
very  light.  Thefe  flicks,  &c.  will  never 
fail  to  be  fhook,  and  often  to  be  thrown 
down  by  the  explolion. 

It  is  remarkable,  that . an  explolion  will 
not  pafs  over  the  fame  length  of  furface  of 
all  bodies,  though  they  are  equally  good 
Conductors.  Water,  ice,  wet  wood,  raw 
flefh,  and  mofl  of  the  animal  fluids,  are 
the  belt  to  make  this  remarkable  experi- 
ment ; to  do  which,  nothing  more  is  re- 
quired than  to  infert  part  of  the  furface  of 
the  faid  fubflances  into  the  circuit  cf  the 
two  fides  of  a battery ; a chain,  for  in— 
fiance,  communicating  with  the  outfide, 
may  be  placed  fo  as  nearly  to  touch  the 
furface  of  a quantity  of  water,  and  at  about 
eight  or  nine  inches  diflant  * from  another 

* The  diftance  at  which  an  explofion  will  flrike 
over  the  furface  of  the  above-mentioned  fubftances,  is 
much  greater  than  that  it  can  flrike  through  in  air 
*n]y, 

chain. 
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chain,  fituated  alfo  very  Bear  the  furface  erf 
the  water,  and  communicating  with  one 
end  of  the  difeharging-rod.  If  the  ends 
of  the  chains  touch  the  water,  the  experi- 
ment will  happen  in  the  fame  manner. 

The  report,  in  this  experiment,  is  much 
louder  than  when  the  explofion  paffes 
through  the  air  only.  The  concuflion 
given  to  the  water,  by  the  explofion  palling 
over  its  furface,  is  not  only  fuperficial,  but 
affedts  its  whole  body ; and  if  the  hand  be 
kept  deep  under  its  furface  whilft  the  ex- 
ploiion  paffes  over  it,  the  concuflion  may 
be  very  fenlibly  felt. 

The  fpark,  which  in  this  experiment  paffes 
over  the  furface  of  the  water,  feems  to  bear 
a great  refemblance  to  the  balls  of  fire  that 
have  fometimes  been  feen  over  the  furface 
of  the  fea  or  land  in  time  of  an  earth- 
quake ; and  hence  it  feems  very  probable,, 
that  thofe  balls  of  fire  are  eledtrical  phe- 
nomena. 


CHAP. 

I • 
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C li  A P.  XL 

Promi/cuous  'Experiments a 

Experiment  I. 

"To  Jhew  that  Smoke , and  the  Vapour  of  hoi 
Watery  are  Conductors. 

LET  a cork-ball  electrometer  be  fuf- 
pended  about  four  or  five  feet  above 
the  prime  Conductor,  then  turn  the  winch 
of  the  machine  very  gently,  and  you  will 
find,  that  the  balls  of  the  electrometer  will 
not  diverge.  Put  upon  the  prime  Con- 
ductor a wax-taper  * juft  blown  out,  fo 
that  its  fmoke  may  afcend  to  the  electro- 
meter ; then  turn  the  winch  again,  and  the 
balls  of  the  eleftrometer  will  immediately 
feparate  a little,  with  the  fame  force  of 
Electricity,  from  the  prime  Conductor  3 

which  fliows  that  fmoke  is  a Conductor  in 

•* 

a finall  degree. 

* A green  wax-taper  is  the  belt  for  this  experi- 
ment. 
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In  the  fame  manner,  by  placing  a final! 
veffel  with  hot  water  upon  the  prime  Con- 
ductor, inftead  of  the  wax-taper,  it  may  ’be 
proved,  that  its  vapour  is  alfo  a Conduc- 
tor; but  inferior  in  its  conducting  power 
to  the  fmoke.  This  experiment  is  an  in- 
vention of  Mr.  Henly. 


Experiment  II. 

T o prove  that  Glafs  r and  other  Electrics,  be- 
come Conductors,  when  they  are  made  very 
hot . 

Take  a fmall  glafs  tube  of  about  one- 
twentieth  of  an  inch  in  diameter,  and 
above  a foot  long ; clofe  it  at  one  end,  and 
introduce  a wire  into  it,  fo  that  it  may  be 
extended  through  its  whole  length  : let  two 
or  three  inches  of  this  wire  project  above 
the  open  end  of  the  tube,  and  there  fallen 
it  with  a bit  of  cork  ; tie  round  the  clofed 
end  of  the  tube  another  wire,  which  will 
be  feparated  from  the  wire  within  the  tube 
only  by  the  glafs  interpofed  between 
them.  In  thefe  circumftances  endeavour 
to  fend  a fhock  through  the  two  wires ; 
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u e.  the  wire  inferted  in  the  glafs  tube,  and 
that  tied  on  its  outfide,  by  connecting  one 
of  them  with  the  outfide,  and  touching 
the  other  with  the  knob  of  a charged  jar, 
and  you  will  find  that  the  difcharge  cannot 
be  made,  unlefs  the  tube  be  broken  ; be- 
caufe  the  circuit  is  interrupted  by  the  glafs 
at  the  end  of  the  tube,  which  is  interpofed 
between  the  two  wires.  But  put  that  end 
of  the  tube  to  which  the  wire  is  tied  into 
the  fire,  fo  that  it  may  become  juft  red- 
' hot,  then  endeavour  to  difcharge  the  jar 
again  through  the  wires,  and  you  will  find 
that  the  explofion  will  be  eafily  tranfmitted 
from  wire  to  wire,  through  the  fubftance 
of  the  glafs,  which,  by  being  made  red- 
hot,  is  become  a Conductor. 

. 1 

In  order  to  afcertain  the  conducting  qua- 
lity of  hot  refinous  fubftances,  oils,  &c. 
bend  a glafs  tube  in  the  form  of  an  arch 
CEFD,  fig.  7.  Plate  II.  and  tie  a filk 
firing  GCD  to  it,  which  ferves  to  hold 
it  by  when  it  is  to  be  fet  near  the  fire;  fill 
the  middle  part  of  this  tube  with  rofin, 
fealing-wax,  &c.  then  introduce  two  wires 
AE,  BF,  through  its  ends,  fo  that  they 

Y 2 . may 
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may  touch  the  rofin,  or  penetrate  a little 
way  in  it.  This  done,  let  a perfon  hold' 
the  tube  over  a clear  fire,  fo  as  to  melt  the 
rofin  within  it ; at  the  fame  time,  by  con- 
necting one  of  the  wires,  A or  B,  with  the 
outfide  of  a charged  jar,  and  touching  the 
other  with  the  knob  of  the  jar,  endeavour 
to  make  the  difcharge  through  the  rofin, 
and  you  will  obferve  that,  while  the  rofin 
is  cold,  no  fhocks  can  be  tranfmitted 
through  it ; but  it  becomes  a Conductor 
according  as  it  melts,  and  when  totally 
melted,  the  fhocks  will  pafs  through  it  very 
freely. 

1 

Experiment  111. 

* , 0 N 

To  Jhe-w  that  hot  Air  is  a CondiiTior . 

v 

EleCtrify  one  of  the  cork-ball  electro- 
meters fulpended  upon  the  ftand,  fig.  4. 
of  Plate  I.  or  eleCtrify  the  prime  Conduc- 
tor with  the  quadrant  electrometer ; then 
bring  a red-hot  iron  within  a fufficient 
diftance  of  the  electrometer,  or  prime 
Conductor,  and  you  will  find  that  they 
foon  lofe  their  EleCtricity,  which  is  cer- 
tainly 
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tainly  conduced  by  the  hot  air  contiguous 
to  the  iron  ; for  if  the  experiment  be  re- 
peated with  the  fame  iron  when  cold,  i.  e. 
by  bringing  it  within  the  fame  diftance  , 
of  the  electrified  Electrometer,  or  prime 
Conductor,  their  EleCtricity  will  not  be 
conducted  away  as  before*.' 

The  above  experiments  may  reafonably 
induce  us  to  fufpeCt,  that  feveral  fubftances 
which  are  ranged  among  Conductors,  would 
become  EleCtrics,  if  they  were  brought  into 
a cold  temperature ; and  that  all  the  Elec- 
trics become  Conductors,  when  they  are 
heated  to  a very  high  degree. 

\ 

* It  has  been  often  obferved,  that  a battery  may  be 
difcharged,  by  introducing  a red-hot  iron  between  two 
knobs  interpofed,*  and  {landing  at  fome  difiance  from 
each  other  in  the  circuit;  but  if,  inftead  of  iron,  ther« 
be  introduced  a piece  of  red-hot  glafs  between  the 
knobs  (the  diftance  between  them  remaining  as  at  firft) 
the  battery  cannot  be  difcharged : whence  we  may 
infer,  that  either  hot  air  is  not  fo  good  a Conductor  as 
has  been  imagined,  or  elfe,  that  air  heated  by  iron 
(perhaps  from  its  ignited  particles,)  is  ftronger,  with 
refpect  to  its  conducing  power,  than  when  heated  by 
the  red-hot  glafs. 


y3 
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Experiment  IV. 

To  Jhew  that  Silks  of  different  Colours 
acquire  different  Electricities. 

* # 1 

Lay  a white  ribbon  upon  another  ribbon 
of  the  fame  fize  and  finenefs,  but  black  ; 
then  holding  them  by  one  extremity  with 

one  hand,  draw  them  fwiftly  between  the 

/ 

firft  and  fecond  finger  of  the  other  hand,  by 
which  fridtion  they  will  be  both  eledtrified, 
and  on  being  feparated,  the  black  ribbon  will 
be  found  to  be  negative,  and  the  white, 
pofitive. 

Experiment  V. 

To  electrify  the  Air  of  a Room. 

' 1 ■, 

The  air  furrounding  the  eledtrical  ma- 
chine when  in  ufe,  or  contiguous  to  every 
highly-eledtrified  body,  always  acquires  a 
portion  of  Eledtricity,  which  it  retains  for 
a confiderable  time,  and  which,  in  fome 
meafure,  counteradts  the  Eledtricity  of  elec- 
trified 
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trified  bodies  *.  A very  expeditious  method, 
however,  to  electrify  the  air,  is  to  fix  two  or 
three*  needles  upon  the  prime  Conductor, 
and  to  keep  it  ftrongly  eledtrified  for  about 
ten  minutes.  If  afterwards  an  electrometer 
be  brought  into  the  air  furrounding  the  ap- 
paratus, it  will  plainly  fhew,  that  the  air 
has  acquired  a confiderable  quantity  of 
Eledtricity,  which  it  will  retain  even  after 
the  apparatus  has  been  removed  into  another 
room.  To  eledtrify  the  air  negatively,  con- 
nedt  the  pointed  needles  with  the  rubber 
when  infulated ; and  make  a communica- 
tion by  a chain,  or  wire,  from  the  prime 
Condudtor  to  the  table. 

Another  method  of  eledtrifying  the  air 
is,  to  charge  a large  jar,  and  infulate  it : 
then  connedt  a fharp-pointed  wire,  or  a 
number  of  them,  with  the  knob  of  the 
jar ; and  make  a communication  from  the 
outfide  coating  to  the  table.  If  the  jar  be 
charged  pofitively,  the  air  of  the  room  will 
foon  become  ftrongly  eledtrified  pofitively 

* An  eledtrometer ‘fufpended  to  the  prime  Conductor, 
will  diverge  moft  after  a few  turns  of  the  wheel;  but 
afterwards  the  divergence  will  lefien,  according  as  the 
air  about  the  apparatus  becomes  eledlrihed. 

y 4 
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/ 

likewilc  3 but  if  the  jar  be  charged  nega- 
tively, the  air  will  become  alfo  negative. 
A charged  jar  being  held  in  one  hand,  and 
the  flame  of  a candle,  infulated,  and  held  in 
the  other,  being  brought  near  the  knob  of 
the  jar,  will  alfo  foon  produce  the  fame 
effeft. 

Experiment  VI. 

v 

\fhe  Atmofphere  of  Smoke . 

• / ' 't  ^ ... 

Take  a brafs  ball,  or  any  piece  of  metal 
that  is  free  from  points  or  edges,  of  about 
three  or  four  inches  diameter,  and  infulate 
it  upon  a narrow  eleCtric  ftand ; then  give 
it  a fpark  with  the  knob  of  a charged 
phial,  and  immediately  prefent  to  it  a wax- 
taper  juft  blown  out  and  fmoking.  The 
linoke,  in  this  cafe,  will  be  attracted  by 
the  electrified  body,  and,  by  encompaffing 
that  body  will  form  a kind  of  atmofphere 
about  it.  This  atmofphere  will  remain  for 
a few  feconds,  and  afterwards,  beginning 
from  the  bottom,  will  gradually  vanifh, 
until  at  laft,  entirely  departing  from  the 
electrified  body,  it  goes  off  in  a {lender  co- 
lumn, that  foon  rarefies,  and  diffufes  itfelf 
into  a confiderable  fpace. 

This 

' 1. 
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This  experiment  will  not  fucceed,  unlefs 
it  be  made  in  very  dry  weather,  and  in  a 
room  where  the  air  is  not  agitated.  Care 
muft  alfo  be  taken,  that,  in  blowing  out 
the  taper,  and  prefenting  it  to  the  electri- 
fied body,  the  air  be  difturbed  as  little  as 

This  phenomenon  has  induced  fome 
philofophers  to  fcippofe,  that  the  Electri- 
city of  an  electrified  body  refided  about  it, 
/.  e.  retted  upon  its  furface  like  an  atmo- 
fphere;  which,  they  thought,  was  made 
very  evident  by  the  fmoke.  But  this  ap- 
pearance, when  duly  confidered,  is  far 
from  proving  any  fuch  eleCtric  atmo- 
fphere ; and  the  caufe  of  it  may  be  very 
eafily  explained  in  the  following  manner : — 
The  fmoke  is  attracted  by  the  electrified 

body  in  the  fame  manner,  and  for  the 
* 

fame  reafon,  that  other  bodies  are  attracted 
by  it.  It  remains  fufpended  about  that 
body,  and  cannot  all  come  into  contaCt 
with  its  furface,  on  account  of  the  elafti- 
city  of  its  particles.  It  remains  fo  long 
fufpended  about  the  eledtrified  body,  and 
is  not  immediately  repelled,  becaufe  it  is  a 

bad 
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bad  Conductor,  and  acquires  Electricity 
very  flowly  -y  but,  having  acquired  a fuffi- 
cient  quantity  of  EleCtricity,  it  begins  to 
quit  the  electrified  body,  and,  afcending  in 
the  air,  extends  itfelf  into  a large  fpace,  in 
confequence  of  the  repulfion  exifting  be^ 
tween  its  own  electrified  particles. 

# 

Experiment  VII. 

Ja  (hew  that  Metals  conduct  the  eleciric  'Fluid 

through,  their  Subjlance . 

■ 

Take  a wire  of  any  kind  of  metal,  and 
cover  part  of  it  with  fome  electric  fub- 
ftance,  as  rofin,  fealing-wax,  &c.  then  dis- 
charge a jar  through  it,  and  it  will  be  found, 
that  it  conduits  as  well  with,  as  without, 
the  eledtric  coating.  This  proves  that  the 
tledlric  fluid  pafles  through  the  fub fiance 
©f  the  metal,  and  not  over  its  furface. 


Expe- 
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Experiment  VIII. 

TP  he  electrified  Cup  and  Chain . 

Infulate  a metallic  cup,  or  any  other 
concave  piece  of  metal,  and  place  within  it 
a pretty  long  metallic  chain,  having  a filk 
thread  tied  to  one  of  its  ends.  To  the 
handle  of  the  cup,  or  to  a wire  proceeding 
from  it,  fufpend  a cork-ball  electrometer ; 
then  eleCtrify  the  cup,  by  giving  it  a fpark 
with  the  knob  of  a charged  phial,  and  the 
balls  of  the  electrometer  will  immediately 
diverge.  If,  in  this  lituation,  one  end  of 
the  chain  be  gradually  raifed  up  above  the 
top  of  the  cup,  &c.  by  the  filk  thread, 
while  the  lower  end  of  the  chain  remains 

• i • 

in  it,  the  balls  of  the  electrometer  will 
converge  a little,  and  more  or  lefs  in  pro- 
portion to  the  elevation  of  the  chain  above 
the  top  of  the  veffel ; which  proves  that 
the  EleCtricity  of  the  cup  and  chain  toge- 
ther is  more  denfe  when  thefe  bodies  are 
in  a compaCt,  than  when  they  are  in  a more 
extended  form.  A more  eafy  method  of 

fhewing 
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fhewing  this  property  of  Ele&ricity,  is  that 
ufed  by  T.  Ronayne,  Efq;  which  is  as 
follows  : — He  excites  a long  flip  of  white 
flannel,  or  a filk  ribband,  by  rubbing  it 
with  his  fingers ; then,  by  applying  his 
hand  to  it,  takes  off  as  many  fparks  as  the 
excited  eleCtric  will  give;  but  when  the 
flannel,  &c.  has  loft  the  power  of  giving 
any  more  fparks  in  this  manner,  he  doubles, 
or  rolls  it  up ; by  which  operation  the 
contracted  flannel,  &c.  appears  fo  ftrongly 
eleCtrical,  that  it  not  only  gives  fparks  to 
the  hand  brought  near,  but  it  throws  out 
fpontaneous  brulhes  of  light,  which  appear 
very  beautiful  in  the  dark. 


Experiment  IX. 

T’j  Jhew  the  Courfe  of  the  electric  Fluid  by  the 
Flame  of  a Wax-taper. 

Fix  at  that  extremity  of  the  prime  Con- 

i 

duCtor  which  is  the  remoteft  from  the 
machine,  a brafs  rod  fix  inches  long,  hav- 
ing on  its  extremity  a brafs  ball  about 
three-fourths  of  an  inch  in  diameter,  and 
let  the  winch  of  the  machine  be  turned. 

c ■'  - ’ If 
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If  in  this  fituation  the  flame  of  a wax- 
taper  be  prefented  to  the  above-mentioned 
brafs  ball,  it  will  be  blown  almoft  hori- 
zontally, and  in  a direction  from  the  ball ; 
that  is,  in  the  direction  of  the  eleftric 
fluid.  If  a wire,  with  a like  ball,  be  fixed 
to  the  infulated  rubber,  the  flame  of  a 
wax-taper,  prefented  to  this  ball,  will  be 
blown  alfo  in  the  direction  of  the  eleCtric 
fluid ; that  is,  it  will  be  blown  upon  the 
ball,  (hewing  the  true  courfe  of  the  elec- 
tric fluid  in  a very  Ample  and  convincing 
manner. 

/ • ' r - * 

- 1 

Experiment  X. 

To  JJjcw  the  electric  Attraction  and  Rupuljion 
by  the  electric  Light . . 

Fix  a pointed  wire  upon  the  prime  Con- 
ductor with  the  point  outward,  and  another 
like  wire  upon  the  infulated  rubber ; then 
let  the  winch  of  the  machine  be  turned, 
and  the  points  of  both  wires  will  appear 
illuminated,  viz.  the  former  with  a brufli, 
and  the  latter  with  a ftar.  In  this  fitua- 
tion, take  an  excited  glafs  tube,  and  bring 
+"  it 
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it  fideway  of  the  point  of  the  wire  fixed 
upon  the  prime  Conductor,  and  you  will 
fee  that  the  brufh  of  rays  ifluing  from  the 
point,  is  turned  fideway,  /.  e.  is  repelled 
by  the  atmofphere  of  the  tube;  and  if  the 
excited  tube  be  held  juft  oppofite  to  the 
point,  the  brufh  will  entirely  vanifh,  be- 
caufe  both  the  tube  and  the  point  are  elec- 
trified pofi lively.  If  the  excited  tube  be 
brought  near  the  point  of  the  wire  fixed 
upon  the  rubber*  the  ftar  upon  it  will  turn 
itfelf  towards  the  tube  ; for  this  wire,  being 
electrified  negatively,  will  attract  the  eledric 
fluid  of  the  excited  tube. 

If  this  experiment  be  repeated  with  an 
excited  flick  of  fealing-wax,  or  any  other 
eledric  negatively  eledrified,  inftead  of 
the  glafs  tube,  it  will  be  found  that  the 
brufh  proceeding  from  the  wire  fixed  upon 
the  prime  Condudor,  will  turn  itfelf  to- 
wards the  excited  wax,  &c.  and  the  ftar 
upon  the  point  of  the  wire  negatively  elec- 
trified, will  be  diverted  from  it,  or  entirely 
fupprefled,  if  the  excited  flick  of  fealing- 
wax  be  brought  juft  oppofite  to  the  point. 

Expe,- 
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Experiment  XI. 

A curious  Method  of '[hewing  the  Penetrability 

of  elediric  Light . 

Let  the  extremities  of  two  wires,  one  of 
which  proceeds  from  the  outfide  of  a charg- 
ed jar,  and  another  from  one  branch  of  the 
difeharging  rod,  be  laid  on  a table  at  about 
Tv  of  an  inch  diftance  of  each  other  ; then 
put  the  thumb  juft  upon  that  interruption, 
prefiing  it  flat  down.  This  done,  bring  the 
difeharging  rod  in  contadt  with  the  knob  of 
the  j ar,  and  on  making  the  difeharge,  the 
fpark  which  neceflarily  happens  under  the 
thumb  will  illuminate  it  in  fuch  a manner, 
that  the  bone,  and  the  principal  blood- 
veflels,  may  be  eaflly  difeerned  in  it. 

t ' - X. 

In  this  experiment  the  operator  needs 
not  be  afraid  of  receiving  a fhock  ; for  the 
difeharge  of  the  jar  paffes  from  wire  to  wire, 
and  only  affedls  the  thumb  with  a fort  of 
tremor,  which  is  far  from  being  painful. 


Expe- 
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Experiment  XII. 

I 

\ ' ' 

To  illuminate  a Quantity  of  Water  by  the 

D if  charge  of  a far . 

Let  every  thing  be  difpofed  in  the  man- 
ner mentioned  in  the  preceding  experiment* 
excepting  only  that,  inftead  of  the  thumb,  a 
large  clear  glafs  decanter  full  of  water,  having 
a flat  bottom,  be  laid  juft  over  the  interrup- 
tion of  the  circuit.  Then,  on  making  the 
difcharge,  the  water  will  be  feen  all  illumi- 
nated to  the  very  top  of  the  decanter. 


Experiment  XIII. 

* 

To  illuminate  Ivory,  Wood , &c. 

Place  a ball,  or  a thick  piece  of  ivory,  be- 
tween the  extremities  of  the  wires  of  the 
uni  venal  difcharger,  and  by  connedting  one 
of  the  wires  with  the  outfide,  and  the  other 

with  the  infide  of  a charged  eledtric  jar,  pafs 

* 

the  ftiock  through  the  faid  ball,  and  it  will 
appear  all  illuminated. 


If 
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If  box  wood  be  ufed  inftead  of  ivoiy,  it 
will  appear  illuminated  with  yellow,  red, 
purple,  or  crimfon  colour. — Other  forts  of 
wood  exhibit  other  fhades  of  red  or  yellow, 
and  fometimes  green ; which  varieties  of 
colour  feem  to  depend  moftly  on  the  com- 
pa&nefs  of  the  wood,  and  on  its  degree  of 
drynefs. 

Experiment  XIV. 

The  electrified  Capillary  Syphon . 

Let  a fmall  bucket  of  metal,  full  of  wa- 
ter, be  fufpended  from  the  prime  Conduc- 
tor, and  put  in  it  a glafs  fyphon  of  fo  nar- 
row an  extremity,  as  the  water  will  juft  drop 
from  it.  If  in  this  difpofition  of  the  ap- 
paratus the  winch  of  the  machine  be  turn- 
ed, the  water,  which,  when  not  eiedxified, 

> 

only  dropt  from  the  extremity  of  the  fy- 
phon, will  now  run  in  a full  ftream,  which 
will  even  be  fubdivided  into  other  fmaller 
ftreams ; and  if  the  experiment  be  made  in 
the  dark,  it  will  appear  beautifully  illumi- 
nated. 


z 
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Experiment  XV. 

The  electrified  Bells . 

Fig*  io  of  Plate  II.  reprefents  an  inftru- 
ment  having  three  bells,  which  are  caufed 
to  ring  by  the  power  of  electric  attraction 
and  repulfion.  B is  a br^j^  piece  furnifhed 
with  a hook,  by  which  it  may  be  fufpend- 
ed  from  the  rod  proceeding  from  the  extre- 
mity of  the  prime  Conductor  A.  The 
two  bells,  C and  E,  are  fufpended  by  brafs 
chains  ; but  the  middle  bell  D,  and  the  two 
fmall  brafs  clappers  between  C D,  and 
D E,  are  fufpended  by  filk  threads.  From 
the  concave  part  of  the  bell  D,  a brafs  chain 
proceeds,  which  falls  upon  the  table,  and 
has  a filk  thread  F at  its  extremity.  The 
apparatus  being  difpofed  as  in  the  figure,  if 
the  cylinder  of  the  machine  be  turned,  the 
clappers  will  fly  from  bell  to  bell  with  a 
very  quick  motion,  and  the  bells  will  ring 
as  long  as  they  are  electrified. 


The 
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The  two  bells,  C and  E,  being  fufpended 
by  brafs  chains^  are  firft  electrified  *,  hence 
they  attract  the  clappers,  communicate  to 
them  a little  EleCtricity,  and  repel  them  to 
the  uneleCtrified  bell  D,  upon  which  the 
clappers  depofit  their  EleCtricity,  and  then 
run  again  to  the  bells  C E,  from  which 
they  acquire  more  EleCtricity,  &c;  If  by 
holding  the  filk  thread  F,  the  chain  of  the 
middle  bell  be  raifed  from  the  table,  the 
bells*  after  ringing  a little  while*  will  ftop* 
becaufe  the  bell  D remaining  infulated, 
will  foon  become  as  ftrongly  electrified  as 
cither  of  the  other  two  bells  $ in  which 
cafe  the  clappers,  having  no  opportunity 
of  depofiting  the  EleCtricity  that  they 
acquire  from  the  bells  G,  E,  muft  confe- 
quently  flop. 

If  this  experiment  be  made  in  the  dark* 
fparks  will  be  feen  between  the  clappers 
and  the  bells* 

The  experiment  will  have  a better  effed,- 
if,  inftead  of  keeping  the  machine  in  motion,' 
a charged  j ar  be  fet  with  its  knob  in  con- 
tad  with  the  prime  Condudor, 

Z 2 
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Experiment  XVI. 

“The  Spider  feemingly  animated  by  Eleffririty. 

* 

Fig.  9 of  Plate  II.  reprefents  an  eledlric 
jar,  having  a wire  CDE  faftened  on  its  out- 
fide,  which  is  bent  fo  as  to  have  its  knob  E 
as  high  as  the  knob  A.  B is  an  artificial 
lpider  made  of  cork,  with  a few  fhort 
threads  run  through  it,  to  reprefent  its 
legs.  This  fpider  is  faftened  at  the  end  of 
a iilk  thread,  proceeding  from  the  cieling 
of  the  room,  or  from  any  other  fupport,  fo 
that  the  fpider  may  hang  mid-way  between 
the  two  knobs  A,  E,  when  the  jar  is  not 
charged.  Let  the  place  of  the  jar  upon 
the  table  be  marked ; then  charge  the  jar 
by  bringing  its  knob  A in  contaft  with  the 
prime  Conductor,  and  replace  it  in  its 
marked  place.  The  fpider  will  now  begin 
to  move  from  knob  to  knob,  and  continue 
this,  motion  for  a confiderable  time,  fome- 
times  for  feveral  hours. 

The  infide  of  the  jar  being  charged  po^ 
fitively,  the  fpider  is  attracted  by  the  knob 

A,  which 
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A,  which  communicates  to  it  a fmail  quan- 
tity of  Eledtricity  ; the  fpider  then  becom- 
ing polTelled  of  the  fame  Eledtricity  with 
the  knob  A,  is  repelled  by  it,  and  runs  to 
the  knob  E,  where  it  difcharges  its  Elec- 
tricity, and  is  then  again  a tt rafted  by  the 
knob  A,  and  fo  on.  In  this  manner  the 
jar  is  gradually  difcharged ; and  when  the 
difcharge  is  nearly , completed,  the  fpider 
finishes  its  motion. 

Experiment  XVII. 

The  Spiral  Tube. 

* » 

Fig.  13  of  Plate  II.  reprefents  an  inftru- 

ment  compofed  of  two  glafs  tubes  CD, 
one  within  another,  and  clofed  with  two 
knobbed  brafs  caps,  A and  B.  The  inner- 
moft  of  thefe  tubes  has  a fpiral  row  of  fmail 
round  pieces  of  tin-foil,  ftuck  upon  its  out- 
lide  furface,  and  lying  at  about  one-thir- 
tieth of  an  inch  from  each  other.  If  this 
inftrument  be  held  by  one  of  its  extremi- 
ties, and  its  other  extremity  be  prefented  to 
the  prime  Conductor,  every  fpark  that  it 
receives  from  the  prime  Conductor,  will 

Z 3 caufe 
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caufe  fmalls  fparks  to  appear  between  al| 
the  round  pieces  of  tin-foil  ftuck  upon  the 
innermoft  tube,  which  in  the  dark  affords  a 
pleafing  fpeftacle ; the  inflrument  appear- 
ing encompafled  by  a fpiral  line  of  fire. 

The  final!  round  pieces  of  tin-foil  are 
fometimes  ftuck  upon  a flat  piece  of  glafs* 
ABCD,  fig.  12,  fo  as  to  reprefent  curve 
lines,  flowers,  letters,  &c.  and  they  are  iU 
luminated  after  the  fame  manner  as  the 
fpiral  tube ; i.  e.  by  holding  the  extremity 
C,  or  B,  in  the  hand,  and  prefenting  the 
other  extremity  to  the  prime  Conductor, 
when  the  machine  is  in  motion. 

- . i < . < ' 

Experiment  XVIII. 

To  make  Holes  through  a Glafs  Tube  by  means 

of  Electric  Sparks . 

Let  a glafs  tube  of  any  diameter,  and 
about  five  or  fix  inches  length,  be  clofed  her- 
metically, or  by  means  of  fealing-wax,  at  one 
end,  and  fill  about  half  of  it  with  olive  oil ; 
then  flop  the  aperture  of  it  with  a cork,  and 
let  a wire  pafs  through  the  cork,  and  come 
fo  far  within  the  tube,  as  to  have  its  extra? 

8 mity 
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mity  below  the  furface  of  the  oil.  This 
end  of  the  wire  muft  touch  the  furface  of 
the  glafs,  for  which  purpofe  it  muft  be  bent 
nearly  at  right  angles,  which  may  be  eafily 
done  before  the  cork  is  put  upon  the  tube. 
Things  being  thus  prepared,  bend  into  a ring 
the  other  extremity  of  the  wire,  and  fufpend 
it,  with  the  tube  hanging  to  it,  to  the  wire 
at  the  end  of  the  Conductor.  Then  work 
the  machine,  and  bring  the  knuckle  of  a fin- 
ger or  the  knob  of  a wire  near  the  outfide 
of  the  tube,  juft  oppolite  to  the  extremity  of 
the  wire ; the  confequence  of  wrhich  will  be, 
that  a fpark  will  happen  between  the  wire 
and  the  knuckle,  which  makes  a hole 
through  the  glafs. — By  turning  the  wire 
about,  or  railing  and  lowering  it,  many  holes 
may  be  fucceffively  made  in  the  fame  tube, 
after  the  manner  above  deferibed. 

In  this  experiment  it  is  very  remarkable, 
that  fo  fmall  a power  as  a Ample  eledtric 
fpark  fhould  perforate  a hole  through  fo 
hard  a fubftance  as  glafs;  andfometimes  the 
thicknefs  of  the  glafs  has  been  nearly  a 
quarter  of  an  inch. 

Z 4 
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Experiment  XIX. 

To  canfe  the  Quickjilver  to  rife  in  a Therm - 
meter  by  means  of  Electricity. 

Fix  a wooden  ball  to  the  wire  that  pro- 
ceeds from  the  extremity  of  the  prime  Con- 
ductor, and  place  another  like  wooden  ball 
on  a wire  or  other  Conductor  that  com- 
municates with  the  earth,  at  about  half  an 
inch  diftance  from  the  other  ball;  in  which 

fituation,  it  is  clear  that,  when  the  machine 

\ 

is  in  aCtion,  a ftream  of  eleCtric  fluid  will 
pafs  from  one  ball  to  the  other.  Now  if 
you  place  the  bulb  of  a mercurial  thermo- 
meter in  that  ftream,  viz.  between  the  two 
balls,  you  will  find  that  the  quickfilver  in 
it  will  be  gradually  railed  by  the  aCtion  of 
the  ftream ; and  if  the  machine  is  worked 
for  fome  time,  the  mercury  will  be  raifed 
feveral  degrees  above  its  former  ftation. 

N.  B,  For  this  experiment,  the  bulb  of 

j. 

the  thermometer  muft  be  quite  detached 
from  the  fcale,  fo  that  the  fcale  may  begin 

at 

v . 
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atleaft  three  inches  above  it.  The  experi- 
ment anfwers  beft  when  the  balls  are  of  foft 
wood. 

Experiment  XX. 

To  let  Sealing-Wax  be  fpun  into  f?ie  Threads 
by  means  of  Electricity . 

Stick  a fmall  bit  of  fealing-wax  on  the 
extremity  of  a wire,  and  warm  it  lo  as  to  be 
ready  to  drop ; in  the  mean  time  let  the 
eleCtrical  machine  be  worked;  then  flop  the 
motion  of  the  machine,  and  at  the  fame  time 
bring  the  hot  fealing-wax  within  four  or 
five  inches  of  the  prime  Conductor,  moving 
it  about  in  a winding  direction,  and  you 
will  find  that  the  fealing-wax  throws  feveral 
exceedingly  fine  threads  to  the  prime  Con- 
ductor, which  appear  like  red  wool. 

This  experiment  anfwers  beft  when  the 
Conductor  is  covered  with  varnilh. 


Expe- 
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Experiment  XXL 

The  dancing  Balls ♦ 

Fix  a pointed  wire  upon  the  prime  Con« 
dudtor,  with  the  point  outward  ; then  take 
a glafs  tumbler,  grafp  it  with  your  hands, 
and  prefent  its  infide  furfaee  to  the  point  of 
the  wire  upon  the  prime  Conductor,  while 
the  machine  is  in  motion  : the  glafs  in  this 
manner  will  loon  become  charged;  for  its 
infide  furface  acquires  the  Eledtricity  from 
the  point,  and  its  put  fide  lofes  its  natural 
quantity  of  eledtric  fluid  through  the  hands, 
which  ferve  as  a coating. — This  done,  put  a 
few  pith-balls  upon  the  table,  and  cover 
them  with  this  charged  glafs  tumbler.  The 
balls  will  immediately  begin  to  leap  up 
along  the  fides  of  the  glafs,  as  reprefented 
in  flg.  i 5,  Plate  II.  and  will  continue  their 
motion  for  a confiderable  time. 

In  this  experiment  the  pith-balls  are  at- 
tracted and  repelled  by  the  eledtric  fluid 
furperinduced  upon  the  infide  furface  of  the 
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glafs,  which  they  gradually  conduit  to  the 
table,  or  other  conducting  body  upon  which 
the  glafs  is  fet;  at  the  lame  time  that  the 
paternal  furface  of  the  glafs  acquires  the 
pleCtric  fluid  from  the  contiguous  air. 

Experiment  XXIL 

To  promote  the  Evaporation  of  Fluids , by. 
means  of  Electricity . 

Take  two  equal  pewter  plates,  and  pour 
in  each  of  them  an  equal  quantity  of 
water,  juft  enough  to  cover  their  bot- 
toms, and  with  the  help  of  a pair  of  fcales 
let  them  be  made  equal  in  weight.  This 
done,  put  one  of  the  plates  upon  an  infu- 
lated  ftool,  communicating  with  the  prime 
Conduitor  of  the  eleCtrical  machine,  and 
fituate  the  other  plate  in  fome  other  part 
pf  the  room,  where  it  may  be  in  an  equal 
degree  of  heat,  and  equally  expofed  to  the 
air  as  the  other  plate,  but  only  out  of  the 
influence  of  EleCtricity.  Let  now  the  ma- 
chine be  put  in  aCtion,  fo  as  to  keep  the 
prime  Conductor,  and  the  plate  connected 
with  it,  ftrongly  electrified  for  about  half 
an  hour  or  lpnger?  Then  ftop  the  ma- 
. chine. 

• 5 


348  A Complete  Treatise 

chine,  and  weigh  both  the  plates  $ it  will 
be  found,  that  the  plate  which  has  been 
electrified  is  the  lighter : hence  it  is  plain, 
that  the  electrization  has  promoted  the  eva- 
poration of  the  water  contained  in  it. 

The  fame  experiment  may  alfo  be  made 
with  fruit,  with  animals,  with  plants,  and, 
in  fhort,  with  any  thing  that  is  actually  eva- 
porating ; but  in  fome  fuch  cafes,  the  elec- 
trization fhould  be  continued  much  longer ; 
and  alfo  other  circumftances  ought  to  be 
taken  into  account,  in  order  to  render  the 
effect  of  Electricity  both  fenfible  and  cer- 
tain. This  experiment  is  alfo  attended  with 
the  fame  effect,  whether  the  electrization  is 
pofitive  or  negative ; hence  we  have  another 
reafon  to  difbelieve  that  negative  electriza- 
tion produces  any  effects  upon  the  human 
body,  different  from  the  poiitive.  Mr. 
Koestlxn,  whoa  few  years  ago  publifhed 
a differtation  on  the  effects  of  Electricity 
upon  fome  organic  bodies,  pretended  to 
have  found,  that  both  animal  and  vegetable 
life  were  retarded  by  negative  electrifica- 
tion ; but  I do  not  know  whether  the  ex- 
periment was  ever  repeated  by  any  body 
> 5 elfe. 
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elfe.  The  oddity  and  diverfity  of  effe&s 
arifing  from  experiments  apparently  fimilar, 
are  fuch,  that  no  perfon,  converfant  with 
experimental  philofophy,  fhould  pofitively 
affirm  any  new  natural  law,  that  is  indicated 
by  a few  fails,  which  are  moftly  of  a dubi- 
pus  nature;  efpecially  when  many  other 
confiderations  feem  to  fhew  the  improbabi-* 
lity  of  the  afiertion. 

Experiment  XXIII. 

jT?  /hew  that  the  Fluids  of  the  Human  Body  are 
better  Conductors  of  E/eClricity  than  IV iter* 

Take  a glafs  tube  about  one-fortieth  of 
an  inch  in  diameter,  and  nearly  fix  inches 
long,  or  rather  two  fuch  tubes,  exailly  equal 
in  length  and  diameter ; and  holding  one  of 
them  with  one  extremity  in  water,  let  it  be 
filled  with  that  fluid.  The  water  will  foon 
fill  the  tube,  in  virtue  of  the  capillary  attrac- 
tion ; efpecially  if  the  tube  be  held  inclined 
to  the  furface  of  the  water.  After  the  fame 
manner  let  the  other  tube  be  filled  with 
blood,  or  fome  other  fluid  of  the  human 
body.  Now  let  an  eleftric  jar  be  charged, 
and  the  circuit  through  which  the  jar  is  to 

' • be 
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be  difcharged,  let  it  be  formed  of  one  of 
thefe  tubes ; to  the  extremities  of  which 
{lender  wires  may  be  fitted  fo  as  juft  to  touch 
the  fluid  contained  in  it,  and  alfo  the  arms 
of  a perfon  that  is  defirous  of  trying  the  ex- 
periment. In  this  manner,  if  the  difcharge 
of  the  j'lr  be  made  feveral  times,  alternately 
changing  the  glafs  tube,  viz.  ufing  once  that 
filled  with  water,  then  the  other  filled  with 
blood,  and  fo  on ; it  will  be  found  that  the 
{hock  is  felt  more  fenfibly  when  the  glafs 
tube  filled  with  any  fluid  of  the  human  body 
forms  part  of  the  circuit,  than  when  the  tube 
filled  with  water  is  ufed. 

'4 

The  perfon  who  tries  this  experiment  need 
not  be  afraid  of  the  fhocks,  becaufe  their 
force  is  much  weakened  by  going  through 
the  fmall  quantity  of  fluid  contained  in  the 
glafs  tube.  Befides,  the  ftrength  of  the 
{hocks  fhould  not  be  greater  than  may  he 
juft  felt*  It  is  only  neceflary  to  charge  the 
jar  always  equally  high,  which  is  eafily  done 
by  means  of  Mr.  Lane’s  Electrometer,  de- 
fcribed  in  the  preceding  pages. 

. ' ; _ I •*..  4 ■'  . •*  > . . ; 
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After  the  like  manner  the  degree  of  con- 
ducting power  of  various  fubftances  may  be 
aicertained.  Thus  it  may  be  obferved,  that 
lea-water  conducts  better  than  freih  water, 
and  that  common  freih  water  conducts  bet- 
ter than  diftilled  water.  The  conducting 
power  of  fome  powders  may  be  alfo  tried 
in  this  manner. 

. r/  '>4>*'**  '4  .*  / 

Experiment  XXIV. 

To  break  fmall  Glafs  Tubes  by  means  of  an 

eleblric  Shock . 

Let  fome  glafs  tubes  be  drawn  with  the 
help  of  a blow-pipe,  nearly  in  the  fhape  re- 
prefented  by  AB,  fig.  9,  PL  II.  viz.  narrow 
in  the  middle  and  larger  towards  their  extre- 
mities. The  diameter  of  the  middle  part 

JL 

fhould  not  exceed  one-twentieth  part  of  an 
inch.  Fill  one  of  thefe  tubes  with  water, 
after  the  manner  defcribed  in  the  preceding 
experiment,  and  infert  two  Hender  wires 
through  both  apertures,  the  extremities  of 
which,  in  the  tube,  fhould  come  within 

about  one- tenth  of  an  inch  of  each  other. — 

...  / 

This  done,  let  the  difeharge  of  an  eledlric 
jar  be  made  through  this  tube,  viz . by  con^ 

nesting 
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ne&ing  the  ring  of  the  wire  A with  the 
outfide  of  the  jar,  and  the  ring  of  the  wire  B 
with  the  infide  of  the  faid  jar,  and  the  tube 
will  be  broke  with  confiderable  violence. 
The  fame  effedt  is  produced  when  the  tube 
is  filled  with  any  other  liquor  inftead  of 
water. 

' \ ' * 

If  the  extremities  of  the  wires  within  the 
tube  are  put  fo  far  from  each  other,  as  to 
exceed  the  diftance  at  which  the  charge  of 
the  jar  can  leap  in  the  form  of  a fpark,  then 
the  glafs  tubes  will  not  be  broke. 

By  this  experiment  we  can  hardly  deduce 
any  inftrudtion  relative  to  the  fenfation  of 
the  fhock  perceived  by  a perfon,  who  forms 
the  circuit  in  the  difcharge  of  an  eledtric 
jar } for  we  learn  by  the  experiment,  that 
except  any  fpark  happens  within  the  water, 
the  fineft  and  brittleft  tube  is  not  broke ; 
and  therefore  we  may  conclude,  that  the  con- 
cuffion  given  to  the  tube  by  the  fhock,  when 
the  extremities  of  the  wires  within  it  are 
confiderably  far  from  each  other,  is  very 
little,  if  at  all  fenfible. — Farther,  it  feems 
plain,  that  if  inftead  of  one  tube,  the  dif- 
charge of  the  jar  was  made  through  one 

hundred 
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hundred  or  one  thoufand  tubes,  the  impulfe 
of  the  fhock  would  be  proportionably  lelfen- 
ed ; and  indeed  we  can  hardly  form  any  idea 
of  the  fmallnefs  of  its  power  in  that  cafef 
How  happens  it  then  that  a very  fmall  (hock 
fent  acrofs  the  arms  of  a man,  which  fhock, 
we  may  reafonably  fuppofe,  does  not  occa- 
lion  any  fpark  within  the  veflels  of  the  body* 
is  fenfibly  felt,  and  produces  an  involuntary 
motiort,  when  it  palfes  through  innumerable 
veflels  filled  with  fluids,  which  are  far  better 
conductors  than  water  ? 

The  fubflance  of  the  Veflels  of  the  hii- 

y 

man  body  is  certainly  a lefs  good  conductor 
than  the  fluids  contained  in  thofe  veflels ; 
but  it  can  hardly  be  fufpeCted,  that  the  elec- 
tric fluid  occafions  the  involuntary  motion* 
&c.  by  going  through  that  fubftance  rather 
than  through  the  fluids,  which  are  much 
better  conductors®  Perhaps  that  fudden 
involuntary  motion  is  produced  by  the  elec- 
tric fluid  aCting  upon  the  nerves.  But  it 
teems  that,  independent  of  the  already 
known  parts  of  the  human  body,  there  is 
lome  other  principle  that  accompanies  the 
life  of  an  animal,  which  is  in  a certain  man- 

A a ner 
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ner  a conductor  of  electricity,  and  whofe 
aCtion  ceafes  as  foon  as  the  animal  becomes 
extinCt.  It  has  been  remarked  in  ieveral 
inftances,  that  if  an  eledric  fpark  paffel 
through  a given  part  of  a living  animal, 
the  fame  fhock,  after  the  animal  is  dead,, 
will  be  vifibly  tranfmitted  over  the  furface 
of  the  fame  part,  but  not  through  it. 

Experiment  XXV. 

To  cryjlallize  Oil  of  "Tartar  by  means  of 

Electric  Sparks . 

Take  a glafs  tube  about  four  inches  long, 
and  about  one  quarter  of  an  inch  in  diame- 
ter, open  at  both  ends,  and  moiften  the  infide 
of  it  with  oil  of  tartar  per  deliquium ; then 
adapt  two  corks  to  the  extremities  of  this 
tube,  and  introduce  a wire  through  each  of 
them.  The  extremities  of  thefe  wires 
within  the  tube  fhould  be  about  three  quar- 
ters or  one  inch  from  one  another.  This 
done,  conned  one  of  the  wires  with  the 
outfide  coating  of  a pretty  large  eledric  jar, 
and  the  other  wire  with  the  difcharging 

eledrometer  ^ 
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eledrometer ; then  let  the  jar  be  difeharged 
lev  oral  times  through  the  tube  5 and  it  will 
be  often  found,  that  the  oil  of  tartar  upon 
the  in  fide  furface  of  the  tube,  gives  manifeft 
figns  of  crvftdlization.  Now  by  expen- 


ments  fimilar  to  this,  fome  ingenious  perfons 
have  pretended  to  fhew,  that  the  eledtric 


fluid  contains  an  acid,  which  combining 
with  the  oil  of  tartar,  neutralizes  it,  and 
occaftons  the  cryfcaliization. — It  has  even 
been  laid,  that  the  phenomena  of  electricity 
are  the  effects  cf  two  principles,  viz.  an 
acid  which  conftitutes  the  podtive,  and  an 
alkali,  which  conftitutes  the  negative  elec- 
tricky.  It  would  be  uieieis  to  endeavour 


to  refute  fuch  an  hypothelis,  when  a very 
little  acquaintance  with  the  lubjedt  is  fuifi- 
cient  to  manifeft  its  abfurdity.  The  cryftal- 
lization  has  been  with  more  juftiee  attri- 
buted to  a quantity  of  fixed  air  generated 
by  the  a 61  ion  of  the  (hocks  on  the  common 
air  within  the  tube,. 
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CHAP.  XII. 

/ 

■ ^ 

Further  Properties  of  the  Leyden  Phial,  or 

charged  Lledlrics, 

n^HE  properties  of  charged  eleCtrics, 
JL  plain  as  they  may  appear  at  firft 
fight,  and  conformable  to  the  commonly-* 
eftablifhed  theory  of  Electricity,  are  yet, 
when  attentively  confidered,  far  from  be- 
ing intirely  underflood,  fo  as  to  require  no 
further  experiments,  or  leave  no  doubt  in 
the  mind  of  the  fpeculative  Electrician. 
The  firft  queftion,  that  naturally  occurs, 
in  confidering  a charged  phial,  is.  Where 

does  the  fuperinduced  eleCtric  fluid  refide  ? 

/ 

* -Is  it  lodged  in  the  fubftance  of  the 

glafs,  or  in  the  air  contiguous  to  the  fur- 
face  of  the  phial  ? In  the  firft  cafe,  if  the 
eleCtric  fluid  penetrates  a certain  quantity 
of  the  fubftance  of  the  glafs,  it  follows,  that 
a glafs  plate  may  be  given  fo  thin,  that  the 
electric  fluid  may  freely  pervade  its  fub- 
ftance. 
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fiance*.  If  fuch  a plate  can  be  made,  it 

✓ 

will  be  eafy,  from  thence,  to  determine  how 
far  the  eledtric  fluid  can  penetrate  the  fub- 
fiance  of  the  glafs,  when  charged  in  the 
ufual  manner.  In  the  fecond  cafe,  if  the 
eledtric  fluid  refides  in  the  air  contiguous 
to  the  glafs,  it  muft  repel  that  air,  i.  e . a 
glafs  bottle  fhculd  contain  Ids  air  when 

o 

charged,  than  when  in  its  natural  date  ; 
but  this  is  contrary  to  experience. 

The  late  Mr.  Canton  charged  forne 
thin  glafs  balls  of  about  an  inch  and  a half 
in  diameter,  having  tubes  of  about  nine 
inches  in  length,  and  afterwards  fealed  them 
hermetically.  If  thefe  balls,  when  they 
were  cold,  were  prefented  to  an  electrome- 
ter, they  {hewed  no  fign  of  Electricity;  but 
if  they  were  kept  a little  while  near  the 
fire,  they  then  appeared  ftrongly  electrical, 
and  poflefled  of  that  kind  of  Eledtricity 
with  which  their  infide  had  been  charged. 

* I have  often  blown  glafs  balls  fo  thin,  that  their 
fubftanc«  was  lefs  than  one  fix-hundredth  part  of  an 
inch,  and  have  always  obferved,  that  they  were  capa- 
ble of  receiving  a charge,  which  they  retained  for  a 
confiderable  time,  if  they  were  not  made  very  hot. 

5 Mr. 
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Mr.  Canton  difcovered  farther,  that  if 
thefe  balls  are  kept  under  water,  they  retain 
their  virtue  for  a confidemble  time,  even  for 
feveral  years ; but  if  they  be  often  ufed, 
their  power  is  loon  exhaufted,  It  is  obvi- 
ous to  remark,  that  the  Electricity,  which 
appears  upon  the  outfide  of  thefe  balls, 
when  they  are  rendered  hot,  u e.  when  the 
glafs  is  rendered  a Ccndudor  by  the  heat, 
is  not  that  Eledricky,  which  properly  con- 
flitutes  the  charge,  but  the  fuperfluous 
Electricity  of  their  infidc*. 

• ’‘’if  ^ i ^ , 

As  for  the  Eledricky,  which  conftitutes 
the  charge,  it  being  juft  Sufficient  to  ba- 
lance the  contrary  Eledricky  of  the  oppo- 

rr,  . ’ ! ' 

* If  a charged  jar  be  infulated,  2nd  difeh urged  with 
an  infulated  ditcharging  rod,  after  the  difeharge  both 
the  Tides  of  the  jar,  together  with  the  difeharging  rod, 
will  be  found  poTeffed  of  the  Electricity’  contr  ary  to 
the  Eledlricity  of  that  fide  of  the  jar,  which  was 
touched  la  ft  before  the  difeharge  j which  ihows  thgt 
one  fide  of  a charged  eledric  may  contain  a greater 
quantity  cf  Eledricity  than  that,  which  is  fufEcient 
to  balance  the  contrary  Eledricity  of  the  oppofite 
fide.  This  redundant  Eledricity  fhould  be  carefully 
confidered  in  performing  experiments  of  a delicate 
nature. 


fite 
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fite  furface  of  the  glafs,  it  will  lofe  its 
power  as  foon  as  it  is  arrived  to  that  furface, 
which  in  the  cafe  of  the  above-mentioned 
balls,  it  actually  reaches,  before  it  can  ait 
upon  the  eledlroineter. 

' ►* 

The  moft  remarkable  phenomena  pro- 
duced by  charged  defines,  are  exhibited 
with  flat  plates  of  glafs,  jointly  charged, 
like  a Angle  coated  plate.  If  two  glafs 
plates,  having  plain  furfaces,  be  placed  one 
upon  the  other,  and  their  outward  furfaces 
be  coated  with  tin-foil,  in  the  ufual  man- 
ner of  coating  a Angle  plate  lor  the  Leyden 
experiment,  and  then  be  charged,  by  pre- 
fenting  one  coating  to  the  prime  Conduc- 
tor, and  communicating  the  other  with  the 
earth,  the  plates  (which  we  Aral!  call  A, 
and  B)  after  having  been  charged,  will  ad- 
here very  Armly  to  one  another,  and  if  fepa- 
rated.  A,  viz.  that,  whole  coating  was  pre- 
fented  to  the  prime  Conductor,  will  appear 
pofitive  on  both  Ades,  and  B negative  on 
both  Ades.  If  thefe  plates  be  laid  in  con- 
tail  as  before  they  were  charged,  and  are 
difeharged  by  making  a communication 
between  the  two  coated  Ades,  they  will  be 

found 
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found  ftill  to  adhere  to  one  another  after 
the  difcharge  ; and  if  feparated,  they  will 
appear  Hill  electrified,  blit  with  this  re- 
markable difference,  viz.  that  now  A is  ne- 
gative on  both  fides,  and  B pofitive  on  both 
tides.  If  thefe  plates,  after  being  dilcharged, 
be  feparated  in  the  dark,  dallies  of  light  are 
perceivable  between  their  internal  lurfaces. 
By  laying  the  plates  together,  touching  their 
coatings,  and  feparating  them  fucceflively, 
the  flashes  may  be  obferved  for  a confidera- 
ble  number  of  times,  diminifhing  by  de- 
grees, until  they  quite  vanifh. 

Father  Beccaria  explains  thefe,  and 
other  fimilar  phenomena  of  charged  as  well 
as  of  excited  eleCtrics,  by  the  following 
principle,  which  he  diflinguifhes  by  the 
name  o {vindicating  Electricity. — When  two 
bodies,  either  a Conductor  and  an  eleCtri- 
fied  eleCtric,  or  two  contrarily  and  equally 
electrified  eleCtrics,  are  joined  together,  they 
adhere  to  each  other,  and  their  Electricities 
difappear ; but  as  foon  as  they  are  feparated, 
the  eleCtrics  recover  their  Electricities 

* See  Beccaria’s  Artificial  Electricity,  Part  IL 
Sec.  VI, 


How 
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How  far  this  principle  can  be  of  ufe  to  ex- 
plain the  phenomena  of  charged  glafs,  &e» 
I will  not  take  upon  me  to  determine.  It 
would  exceed  too  far  the  limits  of  my  work., 
if  I were  to  enumerate  and  account  for  all  the 
particulars  minutely.  When  the  principle  is 
expreffed,the  ingenious  reader  may  eafily  ap- 
ply it  to  explain  the  effedts.  1 fhall  only 
mention  an  obfervation  of  Mr.  Hen  ly,  re- 
lative to  this  fubjedt,  which  feems  not  con- 
formable to  Father  Bbccaria’s  theory  $ 
and  with  that  I fhall  conclude  this  Part 
of  my  work.  Says  Mn  He^ly,  in.  one 
of  his  papers  prefentcd  to  the  Royal  Society* 
in  which  he  defcribes  the  above-mentioned 
experiments  of  the  two  glafs  plates 
“ Crown -glafs,  that  is,  the  glafs  commonly 
“ tifed  for  fafh -windows,  though  fo  much 
“ thinner,  fucceeds  in  this  experiment  as 
“ well  as  the  piate-glafs  * but  what  is  very 
“ remarkable,  the  Dutch  plates,  when 
€C  treated  in  the  fame  manner,  have  each  a 
pofitive  and  negative  furface,  and  the 
“ Eledlricity  of  both  furfaces  of  both  plates 
“ is  exchanged  for  the  contrary  Eledtricity 
“ in  the  difcharge.  If  a clean,  dry,  uncoated 
* plate  of  looking-glafs  be  placed  between 
Vol.  I.  B b “ the 
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“ the  coated  looking-glafs  plates,  or  be-» 
“ tween  the  plates  of  crown-glafs,  it  ap- 
“ pears,  after  charging,  to  be  negatively 
“ eleftrified  on  both  fides  ; but  if  it  be 
“ placed  between  the  Dutch  plates  it  ac- 
“ quires,  like  them,  a pofitive  Electricity 
4‘  on  one  furface,  and  a negative  Electricity 

u on  the  other.” 

* 

In  another  paper  Mr.  He*nly  further 
obferves,  that  if  the  Dutch  plates  be  fepa^ 
fated  immediately  after  being  charged,  they 
will  then  act  like  two  plates  of  looking- 
glafs,  /.  e.  one  of  them  will  be  pofitive,  and 
the  other  negative,  on  both  fides  ; but  if  a 
little  time  be  allowed  before  the  plates  be 
feparated,  the  experiment  will  conftantly 
fucceed  as  above 

* To  this,  as  well  as  to  the  third  edition,  a diflerta- 
tion  on  the  vindicating  Eledlricity  has  been  added  in  the 
Appendix;  which  will  fhew,  by  plain  experiments,  this 
wonderful  property  of  glafs,  &c.  whilft  this  chapter  has 
been  here  reprinted  juft  as  it  was  publifhed  in  the  two 
preceding  editions. 
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